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iAbstract
Mortality measures are essential for assessing the overall health status of the populations.
Measures such as age-specific death rates, life expectancy, leading causes of death, and cause-
specific death rates provide baseline indicators from which national and sub-national health
profiles can be constructed, to guide health policy formulation. In Oman, for the first two
decades following the emergence of the nation state in 1970, population surveys served as the
only data source for mortality measurement and estimation. The first population census, which
also provided information on mortality, was conducted in 1993. It was only in 2004 that civil
registration (including deaths) operated by the Omani Ministry of Health and the Directorate
General of Civil Status at the Royal Oman Police was established. Until now, there has been
no in-depth study to comprehensively assess the quality of registration data, either in terms of
completeness of registration or the quality of registered causes of death. This research has been
designed to conduct a detailed data quality assessment, as well as derive the first-ever local
estimates of levels of mortality and causes of death in Oman.
Aims and objectives:
The primary aims of this study focus on the assessment of the completeness and quality of
mortality data from the vital registration system, and the need to ascertain current levels and
cause of death patterns, for health policy, evaluation and planning in Oman. These aims were
achieved through five objectives: (i) to critically evaluate of available mortality data in order
to assess biases in the data, (ii) to test and apply methods to correct the biases, (iii) to derive
adjusted mortality rates by age, sex and cause, (iv) to assess mortality patterns in the light of
demographic and epidemiological trends in Oman, and (v) to assess the implications of
mortality indicators for national health policy and planning.
Methods
A number of methods have been applied to measure and achieve the study objectives. (i) A
systematic review of mortality data sources for Oman since 1970, to document the history or
mortality measurement over the past four decades. (ii) Indirect and direct techniques were used
to assess completeness of death registration. Two indirect methods were used: “Brass growth
balance method” and “Preston and Coale method”. This research also conducted a
comprehensive assessment of completeness using the direct method which involves record
matching between two independent data sources that are each designed to record the same set
of events. Matching identifies records captured by both sources, as well as those in one but not
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the other, and vice versa, and this information is used to estimate completeness of record
capture in either source. In this research, the two data sources used were the national death
registration database for 2010, and the Census 2010 mortality records for deaths reported to
have occurred during the calendar year. (iii) The cause recorded in the registration database
was validated against the reference cause derived from available medical records, retrieved
from the health institutions where the event was registered in 2010. Matching of causes for
each death was used to assess validity of registration records, and to adjust for identified biases
to generate corrected cause-of-death profiles from the database. (iv) Findings from the
completeness component were used to adjust age-sex specific death rates and to derive adjusted
life tables, as well as summary mortality indicators. Corrected cause of death data were used
to derive final estimates of leading causes of death, and age-standardized death rates and Years
of Life Lost by cause.
Results:
The historical review identified a sharp decline in under-five mortality rates over the past four
decades. The findings from the completeness assessment demonstrate that reporting of deaths
in Oman from Birth and Death Notification System is near complete among entire population
(about 90%), and this is a reassuring result in terms of the overall quality of death registration
in the country. Completeness reporting rate in deaths below 15 years was somewhat lower, at
about 70%. Adjusted life expectancy at birth was 73.7 years for males, and 80.0 for females.
These estimates were higher than those reported from other international sources as derived
from model life tables. The cause-of-death validation study resulted in considerable decline in
proportion of deaths assigned ill-defined causes, from 35% to 10%, with re-classification to
the revised leading causes of death including ischaemic heart disease, road traffic accidents,
stroke, diabetes and cancers in both males and females. Congenital malformations and perinatal
conditions were also among the leading causes of death in Oman. Analysis of YLLs identified
accidental drowning, falls and breast cancer among the priority conditions causing premature
mortality. Age-standardised death rates from ischaemic heart disease, road traffic accidents,
diabetes, stroke and cancers estimated in this study were substantially different from model-
based estimates published by other international data sources.
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Conclusions
This thesis documents the first empirical estimates on mortality by age, sex and cause for
Oman. The findings from this study have implications for national health policy, the national
health information system, and national and international epidemiology. The magnitude of
mortality from road traffic accidents and cardiovascular disease indicate the need for additional
research into the causes, management and potential for prevention of such conditions. The field
activities conducted as part of this research has developed the methodology for strengthening
data quality in the birth and death notification system, as well as a critical mass of human
resources to implement interventions to achieve system improvement. Similar research to
evaluate data quality and guide data utilisation should be conducted on a periodic basis in
Oman, as well as in other Gulf Cooperation Council states which share similar health system
characteristics.
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1Chapter One
Introduction to the research
2Chapter One: Introduction to the research
The sultanate of Oman is a modern state. Since its inception only four decades ago, the new
government has invested substantial resources to build up essential infrastructure for the
country. Initially, the country lacked nearly all types of infrastructure, including roads, schools,
health facilities, electricity, sanitation, and predictable safe water supply. As a result, during
the early 1970s, the living conditions, literacy rates and health indicators were poor and
mortality indicators (infant mortality ratesi and under-five mortality ratesii) were high [1].
Yet, despite the rapid advances in the past 40 years, we understand little around key vital
statistics for Oman. The census of 2010 provided evidence that  currently, Oman has a
population that is estimated to be 2.8 million, of which about 30% are foreigners [2]. But little
is known about patterns of births and deaths, the causes of death, and the differentials in
mortality patterns across the country. The health information system (HIS) in Oman has not
produced relevant, timely, and quality information necessary to answer questions about key
vital statistics, and there is inadequate data to provide an empirical basis for health assessment,
planning, and health program evaluation.
This research uses demographic and epidemiological methods to addresses this gap. But in
order to generate the best estimates of mortality by age, sex, and cause for 2010, I have had to
conduct a critical analysis of current health information systems with specific attention to
available mortality data, evaluate and optimize the quality of that data, and set in place systems
that will continue routine generation of timely and reliable vital statistics as a basis for
analysing population change in Oman, and trends in current mortality. The findings from this
research will shape health systems planning and enable the Ministry of Health to address the
key mortality and health problems expected in the next two to three decades. This will also
provide a template for similar states in the region. .
1.1 Context of the research
1.1.1 Health systems and evidence for change
The main function of health systems is to provide high quality of health care in order to improve
population health [3, 4]. The positive relationship between health status and development has
i Infant mortality rate - Probability of dying between birth and exactly one year of age expressed per 1,000 live births
ii The under-five mortality rate refers to the probability of dying before age 5 years per 1,000 newborns
.
3been well established [5]; with better health considered to be a main measure of development.
For all governments, commitment to health improvement is a major challenge [3] mainly due
to increasing health care costs, largely driven by increasing innovation in drug development
and the exponential growth in the availability of health technology. Such a vast increase in
health care costs is driving governments to prioritize expenditure on their health programs. It
is important for governments to consider how to best use the available resources to deliver
accessible and high quality health care to needy individuals and groups [4].
Setting priorities to address the different elements of the health system, and subsequent health
planning, is dependent on having reliable data. Reliable data enables stakeholders to develop a
clear understanding of current trajectories of health and illness, and provides the basis for a
concrete commitment to health improvement. In other words, health systems require high
quality data to plan and ensure adequate availability and distribution of resources to health care
providers, such that they are equipped with the necessary technical and human resources to
deliver vital services.
Accurate mortality data (including cause of death, gender, age, location, and other
socioeconomic characteristics) is crucial for identifying health problems and for measuring the
health status of a population [6]. Complete mortality statistics for a population provide a
baseline to assess national health profile, formulate health policy, and assess the quality of
health and medical care [7]. The importance of collecting mortality data has been recognized
since the seventeenth century when Graunt wrote his book titled Natural and Political
Observations Made upon the Bills of Mortality [8]. Mortality data has many potential uses, not
all of which are specific to the health sector. How the data is to be used will determine the
data collection method, degree of quality required, and the specific statistics to be collected.
One of the purposes of detailed mortality data is to help epidemiologists, researchers, medical
personnel, and those working in health policy, planning and administration to study and
understand patterns of mortality in the community [9]. A comprehensive understanding of these
complex determinants guides health systems priorities such as the construction of services to
deal with identified health needs in specific target populations, and provides indicators for their
monitoring and evaluation.
For general and demographic uses, mortality is considered as one of three components, along
with fertility and migration, that determine changes in population size, distribution and
4structure [10]. Mortality is the second most important component after fertility in shaping such
demographic changes at the national level and sub-national level. Mortality and fertility are
used in the population estimates and future projections. Such projections are essential for all
long-term planning, and for much short-term and medium-term planning as well [11]. For
example, in the education sector, the size, distribution, and structure of the school-age
population is an essential prerequisite of planning for the provision of educational services.
The school-age population will be determined by the future births and child deaths. It can thus
be seen that mortality information is an essential component of population forecasts; and is an
important element in practically all planning purposes. For social purposes, summary measures
of mortality conditions, such as life expectancy at birth or the infant mortality rate, are useful
for charting socio-economic development, for identifying population subgroups in need, and
for making international comparisons. In-depth analysis of different social groups requires
more detailed measures such as specific mortality rates by age and sex, geographic locations,
and socio-economic groups [12].
The sector in which mortality information is most directly valuable is health. The data
requirements (accuracy and details) are more extensive in this sector. The first use of mortality
information in the health sector is to identify mortality differentials by geographical set-up and
high-risk groups within areas. Health sector resources can then be directed to where they are
needed and are likely to have most effect. This use requires simple mortality information, such
as mortality rates by sex and age group for population subgroups.
Information on deaths by cause of death can be used to determine the type of health services
that will produce the maximum benefit for the people. Other uses of mortality data in the health
sector are the evaluation of health services and programmes, epidemiological studies, and
evaluation of medical procedures. To be useful for such purposes, the mortality data should be
sufficiently disaggregated to identify particular risk groups (age, sex, nationality, residence,
occupation). The exact data required will depend on the objectives of each programme, study,
or research. In summary, the various uses of mortality data have different requirements in terms
of detail, accuracy and time reference [13].
Mortality measures are common public health measures that are frequently used to monitor and assess
the impact of health policies. Life expectancy and probability of dying offer a broader perspective on
population health. These measures are calculated using a demographic model known as a life-table. A
life-table is used to describe the patterns of mortality and survival in populations. It can also be
5used to estimate the lifetime mortality experience of a population. Life tables do this by taking
a population’s age-specific death rates and applying them to a hypothetical population born at
the same time. The observed mortality rates by age are converted into probabilities of dying,
and then applied to the birth cohort. Well-known summary measures of mortality such as
survival proportion, probability of dying, and life expectancy by age are subsequently derived
in the life-table. These summary measures are used to make comparisons over time or between
communities, and can be classified by gender or socio-economic status [14, 15].
Current population health assessments also attempt to account for the impact that
morbidity/disability has on population health, using, for example, the burden of diseases (BoD)
concept. The burden of disease concept provides a methodological framework to quantify and
compare the health of populations using a summary measure of both mortality and disability –
the disability-adjusted life year (DALY) [16]. Since the launch of the global burden of disease
study in 1993, the burden of disease concept has been widely adopted and used by many
countries and international agencies to identify the relative magnitude of different health
problems. The DALY is calculated by summing mortality (years of life lost: YLL) and
morbidity and disability (years lost due to disability: YLD) [16]. Valid mortality data is critical
for accurate assessment of the burden of disease. Hence, it is necessary to evaluate available
mortality data in terms of its completeness and quality. Such an evaluation of mortality data is
also useful in identifying gaps and limitations in national health information systems and
guiding future strengthening activities.
Mortality data retrieved from death registration systems potentially have complete population
coverage and therefore have advantages over other types of health data collected from surveys,
morbidity records, and other administrative health records [17]. Using different characteristics
of deceased individuals such as age, gender, cause of death, and other socio-economic
determinants of health, mortality data can be used for the analysis and comparison of small
geographic areas and population subgroups. Most countries have established vital registration
systems to collect mortality data. Table 1 shows the distribution of countries according to the
current status of death registration, as per the United Nation vital statistics report for 2013. The
report categorizes countries into three main groups according to the completeness and
utilization of their national death registration system. The groups are: (i) countries with existing
civil registration with at least 90% completeness, (ii) countries with existing civil registration
with at less than 90% completeness, and (iii) countries using other sources other than civil
6registration. According to Table 1, about half of the world’s population (47%) is lacking proper
death registration[18].
Table 1 Completeness of death registration: Number and percentages of countries and global
populationiii
Population (%) Countries (%)
Civil registration estimated ≥ 90% complete 3,263,459 (53) 133 (65)
Civil registration estimated < 90% complete 764,749 (13) 41 (20)
Other sources 557,875 (9) 19 (9)
Not available 1, 544, 5767 (25) 13 (6)
Total 6,130,660 (100) 206 (100)
According to the same report, Oman is classified in the group of countries with less than 90%
completeness of civil registration, but mortality statistics systems in Oman are under
development. In May 2004, the Births and Deaths Notification System (BDNS) was introduced
in line with implementation of the national vital registration system, has undergone substantial
development as a result of this research, and is currently the main source of mortality data.
1.3 Overview of Oman
A broad overview of the socio-economic history of Oman, along with a description of its
population and health system characteristics, is essential to place the current requirements for
research on Oman’s population health into context.
The Sultanate of Oman is located in the south-eastern corner of the Arabian Peninsula (see
Figure 1). Its coastline runs 3,165 kilometers from the Strait of Hormuz in the north to the
borders of the Republic of Yemen and overlooks three seas: the Arabian Gulf, the Sea of Oman
and the Arabian Sea. The Sultanate occupies a total area of about 309,500 square kilometers
and includes terrains that vary from plains (or, wadis) (dry river beds), highlands, and
mountains. The coastal plains overlooking the Sea of Oman and the Arabian Sea form the most
important plains amounting to 3% of the total landmass (plains in Oman are characterized by
high population density its arable land). The mountains make up 15% of the total area, while
sand and desert account for 82% of the total area. The Sultanate's climate varies: hot and humid
weather in summer in the coastal areas, hot and dry in the interior, and moderate weather year
round in some highly elevated areas. The weather is more moderate in the southern regions.
Rain in Oman is scarce and irregular; however, sometimes heavy rainfall is reported. The
iii Data source: Population and vital statistics report, United Nations. Vol LXV, January 2013
7southern part of the country is an exception with heavy and regular monsoon rain from June to
October [19].
Figure 1: Map of Oman with administrative setup.
(Source: Oman health system profile, 2008)
Oman is divided into 11 governorates. The governorates are further subdivided into wilayats
(61 in all). The wilayat (province) is considered to be the lowest administrative system in the
country. In 2010, the wilayat population ranged between 1000 people in the wilayat of
Maqshan in the governorate of Dhofar to 301,000 people in the wilayat of As-seeb in the
governorate of Muscat.
Oman’s political situation is stable. It is enhanced by the excellent relationships between the
Sultanate and its neighboring countries. Islam is the official religion of Oman, though all
religions are respected [20]. Oman has transformed itself from a semi-literate society (before
81970) into a vastly educated society. In just over 20 years (1990-2010), the literacy level has
increased from 55% to almost 88%. Female literacy has risen even more dramatically during
this period (from 38% to 81%). Urbanization is also growing alongside social and economic
development. The composite human development indexiv has increased from 0.598 in 1990 to
0.728 in 2010. Overall, Oman’s human development rank has improved from 94 in 1990 to 84
in 2010 despite fluctuations observed over that period (See Table 2) [21]. This fluctuation
raises the issue of the consistency and quality of the national data used to generate the indicators
[18].
Table 2 Socio-economic indicators
Indicators 1990 1995 2000 2005 2010
Literacy (males and females) 54.7 63.7 73.6 78.0 87.8
Female literacy 38.3 50.6 68.0 70.6 80.6
Women % of workforce 10.7 13.7 17.1 22.2 26.9
Primary school enrolment 86.1 94.9 100.3 103.0 99.8
% Female primary school pupils 47.0 48.0 48.2 49.0 48.7
% Urban population 62.1 - - 71.5 75.0
Human development index 0.598 0.771 0.751 0.814 0.728
Human development rank 94 71 78 58 84
Gross national Income per capita current
US$
7,034 6,301 7,958 11,530 20,193
Gross domestic product (GDP) per capita
US$
7,330 6,592 8,262 12,309 21,252
Source: (1) National Centre for Statistics & Information, Oman, and (2) UN Development Reports 1990-2010
The government encourages market-orientated policies and private sector development for
Oman’s prosperity and growth. Commercial export of oil began in 1967; since then many more
oil fields have been discovered and developed. After the fall in oil prices in 1998-99, Oman
diversified its economy through greater emphasis on industries such as tourism and liquid
natural gas. The government has established several industrial estates with a goal of creating
an industrial infrastructure and developing the manufacturing sector [20].
iv The human development index (HDI) is a statistical tool used to measure a country's overall achievement in its
social and economic dimensions. The social and economic dimensions of a country are based on the health of
people, their level of education attainment and their standard of living. Calculation of the index combines four
major indicators: life expectancy for health, expected years of schooling, mean of years of schooling for education
and gross national income per capita for standard of living.
9The gross domestic product (GDP) per capita increased dramatically from about US$ 7,300 in
1990 to about US$ 21,250 in 2010. This was on annual average growth rate of about 6% [19].
(See Table 2 Socio-economic indicators)
1.3.1 Demographic characteristics and population structure
The first general census of population, housing and establishments was carried out in the
sultanate of Oman in December 1993. The detailed results of the general census were published
two years after. According to the census, the population of Oman was about two million, of
which about 27% were non-Omanis. Before that first census, demographic information and
population estimates and projections were based on survey results such as the 1985
demographic survey and the 1988 child health survey.
In 2003, the second general census of population, housing and establishments was carried out
in the sultanate of Oman; the census reference night was on December 8, 2003. Results showed
that the total population was 2,340,815 of which 23.9% were non-Omanis[22].
According to the mid-year population estimates for 2010, the Omani population shows a sex
ratio of 102 males per 100 females. It is a young population: about 35.5% of the population is
under-15 years and only 3.5% is 60 years and above[2]. More than a quarter (28.8%) of the
Omani population is female and in the reproductive age group (15-49 years). The females in
this category represent nearly 58.3% of all females and about half are expected to be married
(50.2%). According to the national health survey in 2000, the singulate mean age at first
marriage was 23.3 years for females and 26.2 years for males. The rise of the singulate mean
age at first marriage since the 1993 census (when it was 20.7 years for females and 24.7 years
for males) might be one of the factors responsible for the decline in the fertility rate in Oman
over that period. The crude birth rate is estimated to be 29.5 per 1000 Omani population in
2010, and has declined by 32.2% over the past seventeen years from 40.3 in 1993. According
to census data, the total fertility rate of Omani women declined from 6.9 in 1993 to 3.6 in 2003,
but increased slightly to 3.7 during 2010 (see Table 3) [22-25].
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Table 3 Population characteristics (Omani population)
Characteristic 1993 2003 2010
Omani population  (000) 1,483 1782 1957
Expatriates population  (000) 535 559 816
Total population  (000) 2,018 2341 2,773
Sex ratiov for Omani population 104 102 102
% of population under 15 years ## 49.9 38.9 35.3
% of population 65 years and over ## 3.0 3.2 3.5
Age dependency ratiovi 120 78 63
Crude birth rate 34.0 24.8 29.2
Total fertility rate 6.9 3.6 3.7
## as a percentage of Omani population
^ as a percentage of Omani female population
Sources: (1) Annual health report, 2010, Ministry of Health, Oman (2) Selected data and indicators from
censuses 1993, 2003 and 2010, general census of population, housing and establishments, 2010 Oman.
The Omani population has a high proportion of young people; however, Figure 2 shows that
the young population is declining over time. The proportion of people aged under 15 years
(Omanis) declined from 52% in 1993 to 41% in 2003, and decreased further to 35% in 2010.
That decline may be due to the implementation of the birth spacing programme over the last
15 years.
The elderly population in Oman (65 years and above) was 3% in 1993 and increased to 3.5%
in the third census (2010). The decline in the proportion of young people contributed to a
reduction in the dependency ratio from 120 in 1993 to 78 in 2003, and 63 in 2010.
v Sex ratio refers to the number of males for each (100) females.
vi Age dependency ratio is the ratio of dependents (people younger than 15 or older than 64) to the working-age
population (those ages 15-64). Data are shown as the proportion of dependents per 100 working age population.
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Table 4 Spatial distribution of population – Oman, 2010
Governorate Number of
wilayats
Total
population
% of
national
total
Expatriates
(%)
Population density
(person / sq. kilometre)
Muscat 6 770938 52.2 47.8 197.7
Dhofar 10 247739 65.4 34.6 2.5
Musandam 4 31160 69.4 30.6 17.3
Al Buraymi 3 72397 58.7 41.3 10.3
Ad Dakhliyah 8 323387 82.2 17.8 10.1
North Al Batinah 6 478889 79.7 20.3 60.3
South Al Batinah 6 286162 80.9 19.1 62.7
South Ash Sharqiyah 5 160828 83.6 16.4 11.1
North Ash Sharqiyah 6 186124 83.5 16.5 8.0
Adh Dhahirah 3 150225 78.2 21.8 4.1
Al Wusta 4 41885 44.9 55.1 0.5
National total 61 2749734 70.3 29.7 8.9
Source: Annual Health Report, 2010, Ministry of Health
The non-Omani population does not follow the common demographic pattern. The majority of
non-Omanis are males aged 20-50 years (69% of total expatriate population according to the
2010 Census) (See Figure 2). The demographic indicators for the expatriate population, such
as fertility and mortality, are heavily affected due to the age structure. Most expatriates live in
Oman for job purposes and are in good health. Table 4 presents the distribution of the
population by governorate. Expatriates are not concentrated in one particular area.
Demographic and population data sources will be explained in detail in Chapter 2.
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Omanis Non-Omanis
Figure 2 Population pyramids for Omani and non-Omani population 2010 estimates
1.3.2 Health challenges
In the last four decades, Oman has experienced a rapid epidemiological changes in
communicable diseases, including vaccine-preventable diseases, thus resulting in acute decline
in child mortality and morbidity. This transition was due to rapid social and economic
developments as well as improvements in education, health and sanitation. However, with
increasing prosperity, sedentary lifestyles, with their resulting increase in non-communicable
diseases, have emerged as new health challenges. According to the successive national health
surveys and data reported through the national health statistics and information system,
cardiovascular diseases, neoplasms, injuries, obesity, diabetes, and other health risk factors
have increased over time. The results of the National Health Survey 2000 and Oman World
Health Survey 2008 showed concerning trends in the prevalence of non-communicable
diseases and associated risk factors. The prevalence of high cholesterol (≥ 5.2 mmol/l) was
33.6% in 2008. The prevalence of diabetes increased from 11.6% in 2000 to 12.3% in 2008.
Similarly, the prevalence of high diastolic or systolic blood pressure increased over time.
According to the 2008 Omani world health survey, 30 percent of Omanis are overweight and
about one quarter are obese. Also, the incidence of road traffic accidents is high. Police
departments report more than one thousand deaths and 12 thousand injuries a year from road
traffic accidents. Smoking and tobacco use are considered as one of main risk factors that affect
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health, with the 2008 Omani world health survey showing that 14% of Omanis are current
smokers. This can be compared to the rate of 9% in the 2000 Oman national health survey.
According to the Omani world health survey, about 14% of Omani males were current smokers
while less than 1% females were [25-27].
1.4 Oman health system
The health care system in the sultanate of Oman is predominantly provided and financed by
the government. The government runs 93.1% of hospitals and 97.6% of hospital beds. The
majority of health workers (87.3%; 78% of physicians and 92.5% of nurses) work in
government facilities. The health sector is represented by the Ministry of Health, other
government health care providers, and private health care providers. Table 5 shows the
contribution of health care providers in the health sector.
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Table 5 Health care providers in Oman, 2010
Health care provider Hospitals Hospital
beds
Health
centres, &
clinics
Total
manpower
Physicians Nurses
Ministry of Health
(%)
50
(84.5)
4,692
(86.2)
176
(15.6)
26592
(80.3)
4123
(71.3)
10059
(85.3)
SQU Hospital
(%)
1
(1.7)
476
(5.6)
1
(0.1)
2407
(5.8)
467
(5.8)
1244
(6.0)
Medical services armed forces
(%)
3
(5.2)
260
(4.9)
31
(3.5)
na^ Na^ Na^
Medical services police
(%)
1
(1.7)
50
(0.9)
3
(0.3)
286
(1.0)
37
(0.8)
112
(0.9)
Medical services, petrol
development of Oman
company (PDO)
(%)
0
(0)
0
(0)
9
(1.0)
61
(0.2)
9
(0.2)
36
(0.4)
Private sector
(%)
4
(6.9)
279
(2.4)
814
(79.5)
5776
(12.7)
1272
(22)
1562
(7.5)
Source: Ministry of Health, Oman[28].
^ Not available
The Ministry of Health, the main health care provider, is also responsible for coordination and
stewardship of the health sector and for the overall development of the health sector in relation
to other key social sectors. In keeping with this role, the Ministry of Health acts to develop
policies and programs for the health sector. It implements these in coordination with all other
related ministries, health services institutions under the government, and the private sector. The
Ministry of Health also advocates to all other public systems to make policies favorable to the
health and to refrain from making policies which may adversely affect the health of the people
[19, 20].
The Ministry of Health ensures that no Omani is denied the benefit of medical care. The
Ministry of Health makes comprehensive health care available through its health care delivery
institutions at multiple levels. Primary health care is provided mainly through the health
centres, extended health centres, and local hospitals. Antenatal care, postnatal care and birth
spacing services are given to all pregnant mothers and women in reproductive age group in
most Ministry of Health institutions. State facilities and clinics and hospitals run by other
agencies are linked with the Ministry of Health through its referral chain. The regional referral
hospitals mainly provide secondary medical care while the national referral hospitals mostly
provide tertiary medical care.
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1.4.1 Primary health care in Oman
The Ministry of Health considers primary health care as the main entry point for other levels
of care. Primary health care is delivered via 205 primary health care facilities categorized into
154 health centres (HC), 20 extended health centres (EHC), and 31 local hospitals. Primary
health care includes a wide range of services including services for the mother and child,
prevention and treatment of ailments, and education and awareness about common health
problems. The primary health care service delivery system is well established and is based on
clear principles. The basic building block is the health centre (154 health centres), which
includes on-site diagnostic facilities and pharmacy. Health centres typically serves a local
population of about 10-15 thousand people. The team of staff at the health centre comprises
doctors, nurses, and support staff. Health centres do not normally provide any inpatient care
services. In some remote areas, health centres have a small number of attached beds (2-4 beds),
mainly for maternity care and observation, and operate with reduced staffing and facilities due
to the size of the catchment area population. The existence of these small, local health centres
makes health care more accessible to populations who would otherwise have to travel long
distances to visit a health centre. Because the population of Oman is spread over a wide area
with large and small settlements, primary health care facilities are distributed equitably all over
the country.
The 31 local hospitals, all with a small number of beds, provide primary health care services
to the people in the specified catchment areas of the hospital and provide basic inpatient care
(such as maternity care) if necessary [19, 20]. Data generated from patient visits to primary
health care facilities are compiled into structured reports on monthly basis. These reports
include information such as:  outpatient attendance by age, sex, nationality and specialty;
radiology services used; laboratory services used; morbidity, maternity services used,
immunizations, etc. The births and deaths notifications system is implemented in all health
institutions in the country. Other notifications and registries are also used to capture
information on communicable diseases, diabetes, and maternal and child health.
1.4.2 Secondary and tertiary health care
Secondary health care (or specialized care) is provided through regional (14 hospitals) and
wilayat hospitals (5 hospitals) or sub-regional hospitals, and is accessed through referral from
health centres. Each health region has one main regional hospital, and some have one or more
wilayat hospitals. Limited secondary health care services are provided by the wilayat hospitals
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(ambulatory as well as inpatient). Chronic cases requiring long-term care are followed up by
the primary health care facility in the catchment area where the patient resides.
The regional referral hospitals provide most specialties and are the main source of secondary
health care in a health region. Most of these hospitals have a polyclinic attached (extended
health centres). Polyclinics serve as a first-level specialty service with a walk-in facility and
act as a filter for patients to be referred to a regional hospital, providing access to outpatient
specialist clinics in certain basic specialties (such as obstetrics & gynecology, pediatrics,
ophthalmology, and family medicine). All regional referral hospitals and major wilayat
hospitals are autonomous hospitals with a reasonable degree of decision-making authority. A
secondary health care institution may also provide certain primary health care services to
patients in its catchment area if primary health care centres are less accessible. Regional and
wilayat hospitals also serve as a vital link in the patient referral system between the primary
and tertiary health care facilities [19].
Tertiary care (i.e. care delivered by highly-qualified medical specialists, or super-specialty
care), is provided through national referral hospitals. In addition, the Sultan Qaboos University
Hospital, which is managed by the Sultan Qaboos University, and the Armed Forces Hospital
also provide tertiary care [20].
1.5 Oman National Health Statistics and Information System (NHSIS)
The National Health Statistics and Information System is headed by the Directorate of
Information and Statistics in the Ministry of Health. In 1990, there were only nine statisticians
in the Ministry of Health. These statisticians were responsible for capturing health-related data
from health facilities. In 1991, the Under-secretariat for Planning and the Directorate General
of Planning was established allowing substantial development to occur. What was formerly
the health information section of the Ministry of Health became the Directorate of Information
and Statistics and the Directorate of Research and Studies. These two bodies are primarily
responsible for making health information available. The number of statisticians employed has
grown to 75 in the year 2010[29]. The Directorate of Information and Statistics is responsible
for the National Health Statistics and Information System. After the health system was
decentralized, and health regions were established, regional offices for health information and
statistics were created. Data collection was decentralized to regional level and health
statisticians were posted to different health governorates.
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The main objective of the Oman National Health Statistics and Information System is to ensure
that reliable, relevant, and timely health-related information is available and accessible.
Information should be able to: (i) support decision making at different levels of health
management; (ii) assist in the formulation of health policies, plans and strategies; and (iii) allow
monitoring and evaluation health-related interventions.
The National Health Statistics and Information System collects and disseminates different
types of data and health indicators, including morbidity, mortality, disability, and quality of
life. Table 6 summarizes the main categories of indicators produced.
Table 6 Types of indicators produced and maintained by National Health Statistics and
Information System
Sr. No. Theme Data sources Examples
1 Morbidity indictors Medical records,
disease registries and
notifications,
health surveys,
census (population estimates)
Prevalence & incidence of diseases
disaggregated by age, sex, geographic
and other demographic characteristics.
2 Mortality indicators Medical records,
disease registries,
health surveys,
censuses,
birth & death notification system
Overall mortality measures (life
expectancy, child mortality rate,
cause-specific death rates by age and
sex)
3 Health system
indicators
Administrative records (finance,
human  resources),
medical records
Physicians per 10000 population,
bed occupancy rate,
surgeries/radiology  procedures,
average visits per day,
health accounts,
training
4 Risk factor indicators Health survey Prevalence of smoking and other
indicators used to describe
determinants of health
The National Health Statistics and Information System uses data from different sources.
Sources include: census data (three censuses are available: 1993, 2003, and 2010), births and
deaths notification system, health facility registers, other records of health care providers
whether public or private, records from related ministries (e.g. Ministry of National Economy,
Ministry of Social Affairs, Ministry of Education), and national health surveys. Research
studies are also considered one of main sources of health data used to produce health indicators.
1.5.1 Mortality information for population health in Oman
Vital registration has a short history in Oman. A royal decree to establish the Directorate
General of Civil Status in the Royal Oman Police was issued in 1999. The decree is considered
as initiating a new phase in vital registration in Oman, but implementation only commenced in
May 2004. The decree gave the Ministry of Health responsibility for designing the births and
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deaths notification forms. The Directorate General of Civil Status agreed to send copies of
notifications from community Leaders (Shaikh-Wali) and Omani missions outside the country
to the Ministry of Health. Information on cause of death, birth history and other health related
data for the deceased are not relevant to the Directorate General of Civil Status. Therefore, the
use of statistics generated from births and deaths notification system database as a parallel
archiving source has been increased from different ministries and organizations [30]. Details
of these mortality data sources are presented in Chapter 2 of this research. Despite the
introduction of the births and deaths notification system, two key issues need to be assessed:
(a) the incompleteness of death registration as a result of the under-reporting of deaths, and (b)
the questionable quality of reporting of cause of death.
1.6 Significance of research and research questions
In a World Health Organization comparative analysis using pre-2009 data, Oman was rated in
a group of countries with unsatisfactory levels of death registration and low-quality cause of
death information [31]. From 2004, the Directorate of Information and Statistics has introduced
a number of activities in order to improve national coverage of death registration and the quality
of cause of death statistics. The activities were in the form of intensive training of medical
certifiers on processes of medical certification, producing guideline documents for data entry
staff and coders, field visits to health institutions, and the installation of the electronic
notification system with training for data entry staff.
Death registration, however, continues to be incomplete, and problems with data quality in
cause of death certification persist. These problems reduce researchers’ and policy makers’
confidence in mortality data, constrain cause of death analysis, and impede the delivery of
evidence-based health care in Oman. For population health purposes, the effective use of cause
of death data in public health planning, policy, and programs is limited by its quality [32, 33].
Causes of deaths coded to non-specific, ill-defined codes, or modes of death such as respiratory
failure and cardiac arrest, are of limited policy use and cannot be attributed as underlying causes
[34]. The challenges of data completeness and quality have been major drivers for this research,
and the resultant production of reliable demographic and mortality evidence for policy makers.
As a result of this research, the Oman vital registration system (including the births and deaths
notification system) is now thought to be the most comprehensive source of data on births and
deaths available.
19
To achieve this outcome, this research addresses the following critical questions:
1. How can we assess and evaluate the accuracy and completeness of the death
registration?
2. What methods and techniques should be used to assess the quality of causes of death
in registration data?
3. What are the methods for adjusting biases in registration data to generate mortality
estimates?
4. What are overall and age-, sex-, and cause-specific estimates of mortality for Oman in
2010?
5. What are the policy implications of the research for the health system in Oman and
for strengthening of the health information system?
1.7 Research aims and objectives
The primary aim of this research study is to assess the completeness and quality of the mortality
data sources used in Oman. Secondary aims are to ascertain current levels and cause of death
patterns of mortality after adjusting for bias and to assess the implications for national health
policy and planning.
The above aims will be achieved through five objectives: (i) to critically evaluate available
mortality data in order to assess biases in the data; (ii) to test and apply methods to correct the
biases; (iii) to derive adjusted mortality rates by age, sex, and cause; (iv) to assess the influence
of fertility and mortality patterns on epidemiological trends in Oman; and (v) to assess the
implications of mortality indicators for national health policy and planning.
The findings of this research have been shown to be highly significant and have great potential
for use by health policy makers and those involved with planning for health system
development in Oman. The findings will provide the basis for continuing the improvement of
the quality of mortality statistics, one of the main components in the overall Omani health
information system.
1.8 Methodology
In this research, a number of methods have been applied to achieve the objectives. These have
been mapped out in detail in the Chapters that address each analysis. In summary the five
techniques applied are:
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1) Systematic review: A systematic review will examine the different available sources of
mortality data to measure the improvements in birth and death registration in Oman
from 1970 onward. This review will also quantify the overall decline in mortality levels
and some specific mortality rates such as child mortality.
2) Indirect and direct techniques for measuring completeness of death registration:
Indirect techniques are designed to measure the levels of completeness, mainly for adult
mortality, with more than six methods available for estimating of death registration.
These methods can be categorized into two groups based on number of censuses
required for the model. (1) Multiple censuses methods; (2) One census methods. In this
research two indirect methods are used, both of which use only one census. These are
the Brass growth balance method and the Preston and Coale method. Both indirect
methods have a set of assumptions that need to be maintained in order to have plausible
completeness rates.
Direct Methods are considered an alternative technique for estimating the completeness
of death registration. The Direct Method concept uses an independent source of
information to identify the deaths that occurred. Record matching between both sources
of data resulted in three data sets:
a. Records found in both sources
b. Records found only in the first source
c. Records found in the second source.
Hence, missing records in both sources can be estimated using simple mathematical
calculation. The total number of deaths can then be adjusted accordingly. In this
research, the 2010 census mortality dataset is used to match deaths with the death
notification system for the same period.
3) Review of cause of death: Validation of cause of death can be done by using two main
methods. The first method is through reviewing the causes of death assigned in the
death notification forms. The second method is through validation of the causes of death
with medical records. For this research, I have used both methods. Firstly, I have
reviewed all reported deaths in the database, checked the causes of death, and then
corrected the underlying causes of death where possible based on ICD10 rules of
mortality coding.
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For the second method, I revisited the sources of information for all 2010 death
notifications. The sources are available medical records of the deceased (including the
medical records in institutions that the deceased had ever visited or been admitted to),
and 48-hour death report. This empirical study has been carried out through designing
a special data collection form using WHO standards of medical certification of death.
Physicians and ICD10 coders were then selected and trained to use the tool. Finally, the
new underlying assigned causes of deaths results were generated, classified and
compared with the initial causes reported in the existing death notification system.
1.9 Overview of the Thesis
This thesis is structured in the form of seven chapters, tracing the development of mortality
data collection in Oman, critically examining and enhancing completeness and quality of
available data to enable best estimates of mortality specific rates by age, sex, geographical
region, and cause of death, and an analysis of their significance for policy makers in Oman and
the region. Figure 3 maps the aims and objectives of the research into the thesis chapters:
Chapter 1: This chapter gives an introduction to the study and describes the context of the
Oman mortality situation. A detailed description of the Omani population is also presented,
including an overview of the geographic location of the country. In addition, this chapter briefly
describes the health system and its information system, and concludes with the research aims
and objectives and the research plan.
Chapter 2: This chapter investigates the chronological development in the mortality statistics
in the country, and provides a critical review of the various sources of mortality data (e.g.
surveys, censuses, and routine data).
Chapter 3: This chapter focuses on assessing the completeness of death registration in the birth
and death notification system. Having two separate, independent data sources with mortality
data from the same population, and for the same time period, creates an opportunity to assess
completeness of death registration. This chapter presents a comparison of mortality data from
the national birth and death notification system with the mortality data module from Oman
2010 census. This chapter seeks to measure the level of incompleteness of death registration in
the birth and death notification system by comparing the number of deaths recorded in these
two data sources using a capture-recapture design. Such a comparison will enable
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determination of whether deaths captured by one, but not the other system, vary by age, sex
and other variables.
Chapter 4: This chapter includes an in-depth evaluation of the quality of cause of death data.
This evaluation was carried out by comparing underlying causes of death from a sample dataset
withdrawn from the birth and death notification system with the underlying causes of death
and other medical history of selected deceased individuals at health facilities.
Chapter 5: In this chapter, the findings of chapters 3 and 4 are used to derive the best estimate
of mortality specific rates by age, sex, geographical region, and cause of death. In addition,
adjusted life tables are constructed and used to calculate life expectancy and probability of
dying in different age groups.
Chapter Six: This chapter examines the key implications of this research in four distinct areas:
(i) the birth and death notification system in Oman and the health information system more
generally, (ii) enhanced evidence provided on patterns of mortality and cause of death in Oman,
(iii) policy implications of this evidence for the government of Oman, in terms of health and
population policy, and (iv) its application more broadly, and implications of variance in
mortality data at sub-national level, and its correlations with specific institutions.
Chapter 7: This chapter presents an overall conclusion and recommendations based on the
research.
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Figure 3 Diagram of the thesis structure and conceptual framework of the evaluation of completeness and quality of mortality data in Oman.
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Chapter 2
Mortality measures in Oman: System analysis and historical overview
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Chapter Two: Mortality measures in Oman: System analysis
and historical overview
2.1 Introduction
Reliable mortality data are essential in measuring the impact of disease and consequently
the measurement of health. Investigating trends in mortality over time helps to understand
how the health status of the population is changing, and assists in the monitoring and
evaluation of the health system [35].
In order to understand the development of mortality and death reporting in Oman, it is
useful to consider the social, economic, and demographic background to its development
as a nation state. In the 1970s, the government prioritized its efforts toward providing
essential services to its citizens. Birth and death registration, population enumeration, and
the need for such information for governance were not a priority in that time. Instead, the
government constructed its population estimates from two small socio-economic surveys
conducted in 1975 and 1977 [36]. As reform mechanisms and national development
became more complex over time, better evidence for planning became a necessity, and the
inadequacies of these estimates became more apparent.
This chapter provides a detailed description of the evolution of mortality and population
data sources in Oman, through which has been achieved through a detailed and critical
review of all available literature on the mortality and population statistics including
methods of collection, compilation, and analysis over time from the 1970s up to 2010.
Later, the chapter gives a full description of the recently established civil registration
system in Oman (in May 2004), and its components, particularly the birth and death
notification system that is run by the Ministry of Health. Although civil registration
systems are considered the most effective and efficient source of reliable vital statistics;
such systems in many countries are weak or dysfunctional and do not, therefore, provide
accurate vital statistics [34]. Since 2004, the Oman vital registration system has been under
development, and it is now possible to undertake a proper and systematic assessment of
the completeness and accuracy of the mortality data, and to develop reliable estimates of
mortality and cause of death for Oman in 2010. The first section of this chapter provides a
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brief summary of methods for mortality measurement. This summary will highlight the
best techniques and methods to suit the different contexts of availability, completeness, or
level of data quality on mortality in a community or a population. This information would
help interpret the various measures of mortality that are presented in the following sections
of the chapter.
2.2 Brief summary of methods for mortality measurement
The most reliable data source for estimating under-five mortality and adult mortality at the
national and sub-national levels is vital registration data (when such data are complete,
comprehensive, and timely). In many developing countries, neonatal and under-five
mortality remain high, and there is a need for regular and reliable measures of such early
age mortality indicators. However, in these countries, estimates are not available due to a
lack of comprehensive vital registration systems. For such countries, demographers and
public health analysts estimate under-five mortality using retrospective birth history data
collected through surveys or censuses. There are two common forms of retrospective birth
history data: full birth histories (FBH) and summary birth histories (SBH).
In full birth histories, which are usually collected via a household survey, women are asked
to retrospectively report their pregnancy history, providing details of each live birth in
terms of the date of the birth, and, if the child has died, its age at death. In terms of data
collections, full birth history requires more detailed questionnaires, high level interviewing
skills, intensive training for interviewers, and skilled analysts. This method of data
collection is implemented in focused demographic and health surveys. In contrast,
summary birth histories, which are also collected via a household survey or a population
census, use only a set of simple questions. Women are asked to report only summary
information including mother’s age, duration of her marriage, time since her first birth, the
number of children ever born to her, and the number of surviving children at the time of
the survey [37]. Summary birth history modules can be administered by less-skilled
interviewers, and can therefore be managed in very large surveys and censuses.
For deaths that occur among children before completing their fifth year of birth, the most
widely used measures for tracing the change of child mortality are probabilities of dying
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between exact ages. For example, infant mortality is expressed as the risk (probability) of
dying between age at birth (0 years) and 1 year, the demographic notation for which is
1q0). An additional indicator that is used is the risk (probability) of dying between age 1
years and 5 years (4q1). Finally, under-five mortality is expressed as the risk of dying
between birth (0 years) and 5 years (5q0).
Using this method, the proportion of dead children born to women aged 25-29 years is
considered to represent the under-five mortality risk for a reference date about 4-5 years
before the survey. Similar proportions for older age groups of mothers (30-34years, 35-
39years) provide child mortality for earlier reference time points up to 8-10 years preceding
the survey[37]. In contrast, summary birth histories can be used to generate only indirect7
estimates of under-five mortality rates. In summary birth history data there is no
information on the age at death; therefore, the mother’s age is used as a proxy to infer the
age at death of the children, with additional assumptions related to prevailing fertility
patterns in the community[37, 38]. This method yields an estimate of under-five mortality
for a point of time five years preceding the date of the survey. In general, the summary
birth history method is considered the least reliable method for estimating under-five
mortality rates [39]. Its main advantage lies in the relatively simple data to be collected,
particularly in populations with minimal record keeping practices of age or dates, and the
potential to cover large population samples, or even the entire national population, during
censuses, which enables estimation of under-five mortality rates for small areas.
Estimates of adult mortality can be calculated using life tables generated using age-sex
specific categories of death and population. The numerator, in terms of numbers of deaths
by age and sex, are usually available from vital registration systems, but can also be
collected through household surveys that include a mortality module. A mortality module
enquires about household deaths within a specified reference period. However, the use of
such data for life tables relies on the completeness of reported adult deaths. Incomplete
data could lead to incorrect interpretations of adult mortality risks and life expectancy.
7 Indirect methods use information on survival status of children to specific age cohorts of mothers. The
indirect methods can use data that are commonly collected in censuses and many general surveys: the age
of the mother, and the number of children ever born and the number currently alive
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Such assessments of completeness are essential on any data on deaths and population prior
to their use in constructing life tables [40]. This also applies to data from vital registration
systems, where there is potential for incomplete death registration.
2.3 History of mortality measures in Oman
Mortality measurement in Oman has a very short history. Very little was known about the
demography of Oman until 1970 [1, 41]. This section will present the chronological
development of population and demographic data in Oman from the early 1970s onward.
Table 7 shows the historical development of mortality data sources and techniques used
for estimation since 1970.
The chronological development is best explained across four broad time periods, the actual
intervals of which vary. These intervals have been chosen because they segregate distinct
time periods with similar data characteristics or where a novel process has been instituted
(e.g. the census in 1993, or inception of the birth and death notification system in 2004).
All available sources including surveys, censuses, studies, and death notification systems
implemented since the 1970s are discussed in the following sections.
2.2.1 Mortality data sources and estimates from 1970-1979
Birth and death registration was not a priority during the early development of Oman in
the 1970s and 1980s. The only records available are for births and deaths that took place
in the few public health facilities available in the country during that period. This limited
and service-oriented data was inadequate for deriving measures of mortality. Hence, the
Oman government conducted two socio-economic surveys in 1970s [30], which collected
data on  age structure of the population, reproductive health, births and infant deaths,
education, and economic characteristics. Data collected from both surveys were used to
estimate under-five mortality indicators.
The first survey was the socio-demographic survey of housing units and households
conducted in 1975. The survey was conducted in five towns: Muscat and Mutrah
representing the capital area, Sohar representing the northern coastal area of the country,
Sur representing the southern coastal area, and Nizwa representing the interior of Oman.
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The sampling involved area sampling of blocks of households, and targeted about 25% of
the estimated households of the five towns (see figure 1). A total of 21,119 individuals
were included (51.4% were males). There were 5,268 ‘ever-married’ women in the sample.
Direct methods were used to estimate the infant mortality rate, and indirect methods were
used to estimate the under-five mortality rate.
Reports on live births and infant deaths during the 12 months preceding the survey allowed
the direct estimate of infant mortality rate for the year before the survey. The overall infant
mortality rate for the 12 months (1974) preceding the survey was directly estimated from
total live births and reported infant deaths, and estimated to be 84 per 1,000 live births. The
survey showed a positive correlation between infant mortality rate and mother’s age, with
infant mortality rate rising as mothers’ age increased.
Responses on children ever born, and children surviving for ever-married women
(summary birth histories) allowed indirect estimates of under-five mortality rate [30, 42,
43]. Using the data on children ever born and children surviving for the ever-married
women, indirect estimates of under-five mortality rate were calculated for the year 1971.
These estimates were based on the South family of Coale-Demeny model life tables [44].
The South model is characterised by high mortality under age five (United Nations, 1983),
and was considered appropriate for this population by the survey team, based on available
data and clinical experience. From this survey, the under-five mortality rate in 1971 was
estimated to be 193 per 1,000 live births. Although the direct estimate of IMR (84 per 1000
live birth) and indirect estimate of U5MR (193 per 1000 live birth) appear to lack internal
plausibility (4q1 is considerably higher than IMR), these estimates should not be
interpreted together, since they are derived using separate methods.
The survey was repeated for the period of 1977-1979 to cover a different sample of eleven
towns in Oman. The selected towns were Khasab, Bukha, Buraimi, Rustaq, Ibra, Bilad bani
Bu Ali, Bilad Bani Bu Hassan, Salalah, Sumail, Barka and Quriyat (Figure 4). These towns
represented centres of the lowest administrative units in Oman, called a wilayat. A total of
about 15,000 households; 85,000 individuals (93.7% Omanis, 51.5% males); and more
than 21,000 ever-married women were included. This sample of towns was considered to
be less developed than those selected in the 1975 survey and also included some of the
rural areas adjoining the towns.
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Table 7 Sources of population and mortality data in Oman, 1970-2010
The survey title Time Representativeness Sample size Techniques used
Socio-demographic survey 1975 5 towns (urban) not
representative
21,119 individuals
5,268 ever-married women
Direct for IMR
Indirect for IMR & U5MR
Socio-demographic survey 1977 -
1979
11 Towns (rural) not
representative
15,391 households; 85,333 individuals; 21,424 ever-
married women.
Direct for IMR
Indirect for IMR & U5MR
Ministry of Health with
collaboration of WHO survey
1984 National sample 6000 women from  60 clusters Indirect estimates of IMR
Oman-American joined
commission (OAJC)
1986 National sample Hospital records review for live births and infant
deaths of five Omani hospitals
Direct estimate of IMR
Child mortality survey in the
sultanate of Oman
1986 National sample A rapid survey conducted in 35 health institutions Brass-Macrae preceding-birth technique was used
The Oman child health survey
(OCHS),
1992 National sample 3,867 households; 24,321 individuals; 3,617 ever-
married women; 6,886 children born in 1982 and
after
Direct for IMR
Indirect for IMR & U5MR
The first general census of
population
1993 Census
(national coverage)
Data collected on children everborn Indirect estimates of IMR and U5MR
The Oman family health
survey (OFHS)
1995 National sample 6,103 households;
6,405 ever-married women < 50 years;
9,033 children < 5 years
Direct estimate of IMR
Indirect estimates of IMR and U5MR
Child health register survey
(MR2)
1996 National sample This register is  used to follow up on immunization
coverage, was surveyed for infant deaths
Deaths identified in MR2 were adjusted for
assumptions made for defaulters, early neonatal
deaths and other registered infant deaths
Antenatal care register (ANC;
multiparous mothers were
asked about their birth history)
1996-
2002
National sample All multiparous mothers registering for antenatal
care in Ministry of Health institutions were asked
about the living status of their last live birth and
previous to last live birth
Estimates were made using preceding birth
technique using the general standard life table
National health survey 2000 National sample Data collected on children ever born and all deaths
reported by households
Direct for IMR
Indirect for IMR & U5MR
The second general census of
population
2003 Census
(national coverage)
Data collected on children ever born and all deaths
reported by households
Indirect estimates of IMR and U5MR
CDR and age specific death rates have been
calculated
Notification system and vital
registration
2005
onward
National sample Data generated from death notification system Direct estimate of IMR
The world health survey WHS,
Oman
2008 National sample Data collected on children ever born and all deaths
reported by households
Direct estimate of IMR
Indirect estimates of IMR and U5MR
The third general census of
population
2010 Census
(national coverage)
Data collected on children ever born and all deaths
reported by households
Direct estimates of IMR and U5MR
CDR and age specific death rates have been
calculated
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According to this second survey, the direct estimate of infant mortality rate in 1976-1977 was
133 per 1,000 live-births, based on data from infant deaths and live births during the year prior
to the survey [43, 45]. This estimate is lower than the socio-demographic survey of 1975 (184
per 1000 live births). The summary birth history data from this survey (1976-1977 Survey) was
used to calculate an indirect estimates of under-five mortality rate again using the South family
of Coale-Demeny model life tables [44]. The resultant estimate was 201 per 1000 live births.
This is slightly higher than the rate of 193 per 1000 live births from the prior survey, and in
contrast to the observed trend in infant mortality rate between the two surveys. Given the
differences in sample population, as well as uncertainty in the survey methods, it is challenging
to interpret any clear trends from these data. However, it is apparent from these data that infant
and under-five mortality rates were considerably high (around 200 deaths per 100 live birth) in
Oman during the 1970s.
Figure 4 Towns included in 1975 and 1977-79 socio-demographic surveys in Oman
2.2.2 Mortality data sources and estimates - 1980-1992
During the 1980s, four child health surveys were conducted in Oman. The main two indicators
that have been calculated from these surveys were infant mortality rate and under-five mortality
rate using direct and indirect methods respectively. The titles of each of these surveys are as
follows:
 Ministry of Health and World Health Organization survey of 60 clusters 1984
 Child mortality survey in the Sultanate of Oman 1986
1975 Socio-demographic survey
1977-79 Socio-demographic survey
survey
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 Oman-American joint commission consulting group 1986
 The 1986 clinic-based study of childhood mortality in Oman 1988[30]
Child mortality estimates from these surveys could not be disaggregated by important factors,
especially sex and childhood age groups. This is because the data collection protocols only
addressed the number of events and not their individual characteristics such as sex and specific
age at death. Another limitation of the estimates from these surveys is that the national
representativeness of the survey samples was questionable. Nevertheless, a brief description of
the characteristics and findings from each of these surveys is useful to understand the evolution
and trends in mortality statistics development in Oman.
In 1984, the Ministry of Health and World Health Organization conducted a joint survey and
collected data from 60 clusters, covering a sample of 6,000 women of reproductive age. In the
survey, women were asked if they had a live birth the year before the survey and surviving
children were recorded by the survey. Infant deaths were the number of reported live births less
the number of surviving infants. From these data, a direct estimate of the infant mortality rate
for 1983 was calculated and was estimated to be 60 per 1,000 live births [30].
The second survey was conducted in 1986. It was a rapid survey conducted in 35 health
institutions [30]. Multiparous mothers were interviewed after their delivery and asked about the
status (live or dead) of their last and previous-to-last live births. The Brass-Macrae birth
technique [46] was used to derive a direct estimate for infant mortality rate. The estimated infant
mortality rate was found to be 41 per 1000 live birth in 1984. It was observed in the survey
report that this low estimate might be a result of the survey being implemented only in health
facilities, which would have been accessed by privileged mothers who had adequate access to
health care.
The third survey of the 1980s was conducted by the Oman-American joint commission
consulting Group in 1986 [47]. The methodology followed was based on reviewing medical
records in five Omani hospitals for live births and infant deaths. Based on these data, a direct
estimate of  infant mortality rate was calculated to be 60 deaths per 1,000 live births [30]. The
representativeness of the estimate was questionable since the records were tracking hospital
births and deaths only.
In 1988, the general pattern of United Nations (UN) series of model life tables for developing
countries was used to estimate infant mortality rate. The decision to use this method was based
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on further discussion and reinterpretation of the results of the 1986 child mortality survey in
the sultanate of Oman. This method assumed that the risk of infant deaths for mothers who
deliver at home was twice the risk of those who deliver in health institutions. The direct infant
mortality rate was estimated to be 45 deaths per 1,000 live births [30].
The first national demographic health survey was conducted in Oman in 1988. It is considered
to be the first large-scale, nationally-representative survey. The survey had three components:
a household survey in Oman, an individual maternal care survey, and a child health survey.
The survey included about 3,900 households; 24,000 individuals; 3,600 ever-married women;
and 7,000 children born in 1982 and after. The nature of the data collected has allowed the
application of both direct and indirect techniques to estimate child mortality. Direct estimates
were based on birth history for all ever-married women aged 15-49 years. Indirect estimates
were based on the proportion of dead among ever-born children of ever-married women in the
sample. By using direct estimates, the infant mortality rate and under-five mortality rates for
1982-1987 were estimated as 26.3 and 37.4 per 1,000 live births respectively. Similarly, the
indirect technique estimated the under-five mortality rate to be 42 per 1,000 live births in 1987
[48]. Despite this overall marked decline in the trend for infant and under-five mortality in
Oman during 1980s, concerns about the quality and the methodologies used in the conducted
surveys of that period persist.
2.2.3 Mortality data sources and estimates from 1993-2003
The first population census, conducted in 1993 in Oman, allowed estimation of fertility and
childhood mortality [24]. According to the 1993 census, the total population was about two
million, of which about 27% were non-Omanis [24]. Data relating to children ever born and
still surviving until the time of the census were collected. This allowed for an indirect estimate
of the under-five mortality rate. Indirect estimates were made using the North model of Coale
and Demeny life tables, as documented in the unpublished 1993 census data analysis report on
mortality indicators [24, 44]. The choice of the North model varies from the previous usage of
the South model, and is based on the judgement of the data analysis team. There was no
justification provided in the report for this choice, or any discussion in regarding to the change
from previous models used for analysing Omani mortality rates.
In terms of outcomes, the estimates from the 1993 Census appear to confirm the overall
declines in child mortality since the 1970s. The under-five mortality rate in 1991 was estimated
to be 53 death per 1,000 live births. The adult mortality rate and crude death rate could not be
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calculated from the census since a mortality module on household deaths within a defined
reference period was not included in the questionnaire.
The second large scale demographic health survey conducted in the country was the Oman
Family Health Survey [49]. It was as part of the Gulf family health project of the Council of
Health Ministers of GCC States. All Gulf council member states conducted the same survey in
1995 [49]. In Oman, the Oman Family Health Survey was conducted from October to
December 1995 and sampled a total of about 6,000 households; 6,400 ever-married women
below 50 years of age; and 9,000 children below the age of five years. Direct estimates of infant
mortality rate and under-five mortality rates were based on birth histories of Omani ever-
married women. Both methods of estimating infant mortality rates and under-five mortality
rates confirmed the declining trend over time. The 1993 census indirect under five mortality
estimates indicates an increase by 20% over the previous estimates for the period (1982-1987).
This increase was considered to be implausible with overall understanding of improvements in
the Oman health system. Hence, the results remain unpublished in official documents. The
findings are only mentioned in an unpublished research report on child mortality trends in
Oman, prepared by the staff of the department of health statistics in Oman’s Ministry of Health.
This findings of U5MR to be 27 per 1000 live birth in 1993 confirms the declining trend in
U5MR from previous decades, and provides more evidence to suggest the implausibility of the
1993 census in direct estimates.
In 2000, the Oman family health survey was followed by another demographic health survey:
termed as the Oman national health survey. It included two components: a general household
survey, and a reproductive health survey. The survey included about 2,000 households; 17,000
individuals; and 2,000 ever-married women. Data required for indirect and direct calculation
of infant mortality rate and under-five mortality rate were collected in the questionnaire;
however, no estimates of these were disseminated or published [25], possibly due to concerns
about the quality of the data.
The second population census in the country was conducted in December 2003. The total
population was estimated to be 2.34 million of which 24% were non-Omanis. The mortality
module in this round of the census included questions for the summary birth history, as well as
household deaths in the previous three years. Hence, the data allowed calculation of the overall
mortality and child mortality [22]. The direct estimate of infant mortality rate was 10.3 per
1,000 live births for 2003. Indirect estimates of under-five mortality rate using data of children
35
ever born and still surviving at the time of the census were made using the west model of Coale
and Demeny life tables by the Trussell equations [44, 50]. For this census data analysis, the
report mentions the choice of the west model, but with no justification of this choice, or any
comparison or explanation for the previous use of North and South models in the past.
Nevertheless, the indirect estimates from these analyses indicate that the under-five mortality
rate was estimated to be 33 deaths per 1,000 live births in 2002. The crude death rate was
estimated to be 2.7 per 1,000 population. This was first ever direct estimate of the population
crude death rate in Oman. However, these data were not used to estimate age-specific death
rates, or the life table for Oman.
One of the sources that could also be considered to be a valid source for mortality estimation
is the medical records and registries at government health institutions. This is particularly true
for child mortality given the high coverage of antenatal services (98%) [49] and immunization
services (99%) for the country in 1995. [28]. Also, about 90% of institutional deliveries in the
sultanate occurred in Ministry of Health institutions, and home deliveries were estimated to be
about only about 5% during that 1990s (it is less than 1.5% now) [30]. Information collected
on mothers and children in these institutional registers allows the data to be used for mortality
estimation. All multiparous mothers registered for antenatal care in Ministry of Health
institutions were asked about the status of their last live birth alive or dead, and the
previous to last live birth, and this information is recorded in the institutional service registers.
In this regard, the preceding birth technique was used to analyse the registers maintained at
health institutions during the period from1996 to 2002 [30]. These direct estimates of infant
mortality rate and under-five mortality rate were published in the annual health reports, falling
from 18.3 and 29 per 1,000 live births respectively in 1996 to 16.2 and 19.3 per 1,000 live
births respectively in 2002. [30]. A potential source of bias is that information was not obtained
from those who aborted, and another limitation was the probable under-reporting of deaths of
first-born infants.
2.2.4 Mortality data sources and estimates from 2004 onward
The death notification system, as a part of the compulsory national vital registration system,
was implemented in May 2004. A detailed description of the design and characteristics of the
death notification system is given later in this chapter. Over here, information on the
availability of mortality data from the notification system since 2004 is presented. The
notification of deaths from May 2004 until the end of 2005 increased steadily as the
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institutionalisation of procedures and practices of the system expanded across the country.
However, these notifications are potentially lower than the actual number of deaths within
Oman during this period. This conclusion is based on comparisons made with numbers of
institutional events compiled from hospitals and health centres by the Ministry of Health.
Concerted efforts resulted in better coverage for birth and death notifications from 2006 onward
[51]. Notifications of deaths during 2006 revealed a total of 5,412 Omani deaths (3,250 males
& 2,162 females) and 806 expatriate deaths (647 males and 159 females). These figures show
a crude death rate8 of 2.9 deaths per 1,000 population among Omanis and 1.2 deaths per 1,000
populations among expatriates. Infant mortality rate and under-five mortality rate for 2006
from the birth and death notification system were estimated to be 10.1 and 12.8 per 1,000
respectively among Omanis, and 8.1 and 12.9 per 1,000 live births respectively among
expatriates. At this stage, the availability of direct information, at least on child mortality, from
the ideal data source (i.e the birth and death notification or vital registration system) was a
major advancement to support mortality measurement in Oman. However, further
strengthening of the birth and death notification system is required to improve the quality of
certain characteristics such as cause of death, and other important demographic variables. Till
2010, the mortality data from the registration system was not analysed for age-specific death
rates, life tables, or causes of death.
In 2008, the Omani World Health Survey was the fourth large scale demographic health survey
conducted in the country. It was as part of the World Health Survey, and was conducted in the
same period of other Gulf Council member states. The survey used a sampling technique to
collect data from 5,800 households. The infant mortality rate and under-five mortality rate was
estimated to be  8.7 and 14.8 respectively per 1,000 live births for 2008 [26].
The third census was conducted in December 2010. The total population was estimated to be
2.8 million, of which 29.4% were non-Omanis. Similar to the 2003 census, data enabled
calculation of overall mortality and child mortality. The census captured Omani deaths during
the last years preceding the census. The direct estimate of infant mortality rate was 5.9 per
1,000 live births for 2010; and the indirect estimate of under-five mortality rate was 14.1 per
1,000 live births. Crude death rate was estimated to be 2.8 per 1,000 population [52].
8 The crude death rate is the number of deaths occurring among the population of a given geographical area
during a given year, per 1,000 mid-year total population of the given geographical area during the same year.
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Overall, this series of surveys and censuses have provided some empirical evidence to monitor
change in demographic indicators, particularly infant and under-five mortality rates, from 1975
to 2010.
The vast decline in child mortality has been authenticated and proven by evidence from the
different data sources data used to calculate the under-five mortality rate and the infant
mortality rate.
Figure 5 presents overall trends in child mortality for the period of 1980 to 2006 using different
demographic, social, and health surveys, as well as data from routine administrative databases
in Oman. Although these estimates produced mortality trends for the country, there has been
no appropriate systematic way to check for completeness and accuracy apart from ensuring
survey methodology.. In summary, Figure 5 demonstrates an overall rapid decline in child
mortality during the two decades between 1980 and 2000. This decline can be appreciated in
spite of all the uncertainties related to different survey methods used at different time points,
as well as the uncertainties in the quality of data from different data sources. During this period,
there had been a great focus on maternal and child health services in the country, particularly
in terms of institutional delivery, immunisation, nutritional support services, and paediatric
health care facilities. All these services were rapidly expanded and rolled out across the
country, supported by the huge increase in the national economy during this period. Although
fertility levels have not declined as rapidly, the general decline of TFR from over 6.0 to the
current 3.1 has also reduced the exposure of births to the risks of child mortality. All these
factors can explain the observed reductions in child mortality. Finally, the current low levels
of child mortality are also confirmed by the data from the vital registration system, the
characteristics and strengths of which are provided in Chapter 3. Overall, the impressive
decline in child mortality in Oman represents a success story of maternal and child health
interventions in the country.
Estimation of adult mortality has not been possible, due to the non-availability of data on deaths
by age and sex from the surveys. Although such data were collected in the 2003 census, they
were only used to estimate the crude death rate. Also, as mentioned earlier, detailed data from
the death notification system have been available for more recent years, including data on adult
deaths and causes of death, but these data have not been analysed till date. This thesis aims to
conduct and report a detailed evaluation of the quality of data from the notification system, and
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to develop empirical mortality estimates by age, sex and cause for Oman in 2010. The next
section describes the structure of death notification system and its components, as a foundation
which will help understand the quality of data from the system.
Figure 5 Childhood mortality (U5MR9) in Oman from different sources
2.4 Death notification system in Oman
Compulsory vital registration in Oman was mandated by a royal decree (66/99) in 1999.
According to the royal decree, civil registration is the responsibility of Directorate General of
Civil Status (DGCS) and Royal Oman Police [29], hence all deaths need to be reported to the
Directorate General of Civil Status. In practice, the functioning of vital registration requires
coordination among different sectors. However, due to the complex preparations required to
implement such a system, actual implementation of obligatory civil registration, including vital
registration, was delayed and only commenced in May 2004.
For implementing registration, the forms for notification of births and deaths were developed
in collaboration between the DGCS and the Ministry of Health. This is because the Ministry
9 Under-five mortality rate (U5MR) - Probability of dying between birth and exactly five years of age expressed
per 1,000 live births.
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of Health has specific interests in health related data, such as the cause of death, cause of foetal
death, information about the mother of the newly born, etc. (See Appendix A). The current
death notification contains variables that provide information about the deceased and cause of
death. The key details of the deceased that are captured in the form are the name, address, age
at death, sex, and cause of death. As a result, the notification form includes important variables
required for demographic and epidemiological analysis.
In practice, almost all deaths are notified by health institutions, and copies of notifications are
provided to deceased relatives who proceed to the local office of the Directorate General of
Civil Status for registrations and issuance of the formal death certificate. For deaths in health
institutions, an internal notification is first compiled at the department/ward where the death
occurred; it is then signed by certifying physician. This form is then sent to the medical records
department where medical records specialists assign ICD-10 codes for the cause of death and
enter information into the birth and death notification database. Finally, the medical records
department produces a print copy of the death notification, which is signed by the head of the
institution and handed to the relative of the deceased. The relative then takes it to the
Directorate General of Civil Status for obtaining death certificate.
For deaths that occur at home, accident sites, workplaces etc., the deceased is brought to the
nearest health institution for notification. In most cases, these deaths are considered under the
category of ‘brought-in-dead’.  Local police are first notified for verification of identity and
manner of death (to rule out foul play). Following the police verification, the cases are handled
similar to the hospital deaths, in terms of completion of the internal notification, entry into the
notification database, and provision of copy to the relative.
The death notification form issued by the health institution is necessary for burial in Oman.
However, there are a few instances (although rare) where the burial is conducted without prior
notification to the nearest health institution. This occurs due to social or administrative
circumstances such as difficulty transferring the deceased body to nearest health institution for
notification. In such circumstances, there is a legal provision for the event to be registered
directly with the Directorate General of Civil Status, but this needs to be endorsed by a local
community leader (Shaikh/Wali). Finally, for deaths of Omanis that occur in other countries,
registration is conducted at the Omani mission, and the record is transmitted to the Directorate
General of Civil Status and onward to the Ministry of Health.
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Figure 6 shows the flow of death notifications. As can be seen from the chart, all health
institutions in the country issue the death notification; at the same time, entered data is migrated
to the central database in the Ministry of Health headquarter.
Figure 6 Flow of notifications of deaths
Data entered from all internal death notification forms are compiled and sent to the Department
of Health Information and Statistics at the Ministry of Health and incorporated into the central
database. It must be noted here that the Directorate General of Civil Services maintains the
official civil registration database which includes the information from all the death
notifications submitted to their offices. The Ministry of Health birth and death notification
system can be considered as a parallel database for mortality information in Oman. The birth
and death notification system serves two purposes: the derivation of health statistics, and also
a back up to support the Directorate General of Civil Services system.
The births and deaths notification system database was initially used only in Ministry of Health
institutions to archive notifications and print copies as required. Subsequently, efforts have led
to the implementation of this database in all hospitals including in non-Ministry of Health
public institutions and private health care providers (see Figure 7). Health care providers other
than Ministry of Health have made the necessary arrangements and acquired the resources
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required to meet their obligations for implementing the notification database. The notification
system is maintained by medical record technicians in each health care facility. The
notifications reported and issued by Ministry of Health and non-Ministry of Health institutions
are transferred electronically to the main database at the Ministry of Health death notification
system. Training medical record technicians to use the notification system is the responsibility
of the Department of Health Information and Statistics at the Ministry of Health. Smaller health
care facilities (e.g. health centres) complete the notification forms manually, then forward a
copy to be recorded electronically at central level (within each health region). These records
are also eventually transferred electronically to the birth and death notification system database.
At the Department of Health Information and Statistics, the data for each record is checked for
completeness and errors at periodic intervals. The proportion of missing fields in the sent
records is calculated, and feedback reports are sent to the reporting health institution for
corrections. The total number of reported deaths is reconciled with other sources of data on
deaths like the monthly routine health information database or national registries of specific
diseases (such as cancer, antenatal care, and diabetes etc), to identify potential missing records
in the birth and death notification database. The data in the birth and death notification database
can be disaggregated according to age, sex, and geographical location. Currently, data is mainly
processed at the national level by the Department of Health Information Statistics, but not at
regional level.
2.5 Current situation
2.5.1 Trends in notification from May 2004 onward
As a result of the implementation of the national vital registration system, death notifications
increased rapidly. Figure 7 shows trends in death notifications starting from 2005. The number
of deaths captured by the system has increased from 5,220 deaths in 2005 to more than 7,650
deaths in 2011 [51]. This increase could largely be attributed to improved notification rather
than any increase in number of deaths. Despite the vast improvements in mortality monitoring
and registration, the information reported on death notification forms still needs to be evaluated
and corrected. Completion of the most important variables, like cause of death and other
characteristics of deceased will ensure the quality of the data and hence increase its reliability
and usage by different users.
The format for reporting causes of death is a partial representation of the World Health
Organization standard for medical certification of death [53]. The Omani version makes a
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provision for only reporting the underlying and direct causes of death without any requirement
for providing the detailed sequence of clinical events originating from the underlying cause
and terminating in the immediate cause of death. This difference in reporting format has an
effect in the quality of cause of death data.
Figure 7 Trends of deaths registered in the death notification system, Oman
(Source: Birth and death notification system database, Ministry of Health, Oman; data retrieved from the database in January 2012)
As a part of quality checks, the Omani Ministry of Health, in collaboration with the World
Health Organization, has evaluated and assessed death registrations in 2007 and 2010 [29]. The
principal finding from the assessment suggested that there are likely to be several issues with
data quality in terms of the completeness of notifications as well as accuracy of the data
recorded for several variables, including cause of death. The assessment also identified the
need for capacity building for cause of death certification and demographic and
epidemiological data analysis. Mortality data capture tools needs to be evaluated and assessed
from the perspective of reliability [34]. There are three main components that are used to
measure and assess death registration:  completeness of reporting of deaths, the completeness
and quality of variables recorded for each death, and the quality of reported cause of death for
each death.
2.5.2 Completeness of death registration
The first step in assessing the system used to capture mortality data is to define the rate of
completeness of the cases. This rate can be calculated by direct and indirect techniques. The
direct method for the evaluation of the completeness of death registration involves the direct
matching of records with an independent source.
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There are several methods that have been developed in the past few decades in order to estimate
and correct death registration data for non-completeness. These methods can be categorized
into two groups based on number of censuses required for the model. (1) Multiple censuses
methods; (2) One census methods.
Multiple censuses methods: The two census methods require data on population and deaths
from two censuses, plus data on all deaths from vital registration for each year between the two
censuses. There are several methods (1) an inter-censual cohort survival method developed by
Preston and Hill [54]; (2) a modified growth balance method by Martin (1980)[55]; (3) The
Synthesis Extent Generations methods generalized by Bennet and Horiuchi [56, 57] from the
Preston-Coale method (see ‘One census’ methods) and (4) the generalized growth balance
Method [58];  Assumptions for these methods can be summarized in the following: (a) The
coverage of each census is the same for all ages, (b) The completeness of reporting deaths is
the same for all ages above the minimum age and (c) The population is closed to migration.
In Oman, the national census was conducted in 2003 whereas the national vital registration
system was established in late 2004. Annual vital registration are available from 2005 onwards.
The following census was conducted in 2010. Hence, the data requirement for applying the two
(or multiple) census methods could not be met. Furthermore, the vital registration system in
Oman is under development, with improving system performance between 2005 and 2010 (see
figure 7). In other words, the system performance is not uniform across all the years, and has
been gradually improving (see Figure 7 in Chapter two). The two census methods provide an
annual of average completeness on the period between two censuses which may not reflect the
actual performance for any single year. Hence, for these reasons, the two census methods were
not applied.
Single census method: There are two main techniques that are popular and widely used; (1)
Brass growth balance Method [54]and (2) Preston and Coale [59]. Both these methods require
data on population and deaths by sex and ages for a given calendar year of interest. These
methods assume population stability (i.e. the birth and death rates are constant resulting in
constant population growth rate). These methods also assume the population is closed to
migration (natural increase is equal to the population growth). Finally, these methods assume
that the completeness of death reporting is the same for all ages.
These data are available for Oman for years 2005-2010. Therefore, it was possible to apply
these single census methods for estimating the completeness of death reporting in Oman.
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Annual age sex structure of population and deaths reported for period of 2005-2010 were used
as input for both methods in order to calculate the annual estimates of death completeness (See
Appendices J and  K).
The key details of the two methods are described below.
Brass Growth Balance Method
The Brass Growth-Balance technique assesses the completeness of death registration at ages
above five years by comparing the age distribution of reported deaths with the expected age
distribution based on the observed population age-sex structure assuming the population is
closed to migration10 .
In order to apply the Brass growth balance method, following steps were applied in a
programmed Excel spread sheet:
1. The national population and registered deaths were used for each year.
2. The population and deaths were cumulated across increasing age for ages 5 – 65 years
3. The number of people who survive an age group into the next age group was calculated
4. The partial birth and death rates was calculated: the partial birth estimated via dividing
population of age x; (N(x)) by population over age x; N(x+). Similarly partial death
calculated via dividing deaths registered over age x;( D(x+))by population over age x;
N(x+).
5. A scatter plot of partial birth against partial death rates was created
6. The points were in divided into two groups a) for ages 5-30 years and b) for 35-60 years
respectively.
7. For each group of points, the average partial birth and death rates were computed.
8. These averages were used to compute the slope of the fitted line for this distribution.
9. The completeness factor was calculated as reciprocal of the slope.
10. This was carried out to estimate the completeness for males and females for the years
2005-2010.
It was noted the diagnostic plots were very similar for both males and females for all the
study years. The key observation was the skewed pattern for the early age groups as seen
10 60. Brass, W.,Methods for estimating fertility and mortality from limited and defective data. Methods for
estimating fert
38. Brass, W. and S. Macrae. Childhood mortality estimated from reports on previous births given by
mothers at the time of a maternity: preceding-births technique. in Asian and Pacific census forum. 1984.
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in Figure 1 below which is for 2007. These points indicate very low partial death rates up
to the age of 25-30 years, which are probably a result of rapid mortality decline in childhood
over the last three decades, but not much change in the mortality rates for adults. This could
have possibly violated the assumption of constant mortality decline across all age groups
and all years during the preceding period. As a result, the resultant completeness estimate
from the Growth Balance method could be biased, since the data do not meet the
assumptions for applying this method.
Figure 8: Plot of Partial Birth Rates against Partial Death Rates
Preston and Coale Method
The Preston and Coale method also requires the annual population growth rate as an input for
estimating completeness. For this application, the annual population growth rates were
calculated using the data provided in Appendices J and  K . In addition, an estimate of natural
increase was calculated from birth and death notification system for comparison. It can be
observed the two estimates of population growth rate and natural increase are very similar.
However, the population growth rates were used in the model because it accounts for the minor
level of migration.
The Preston and Coale method was applied according to the following steps:
1. Set the initial growth rate of the total population.
2. Estimation of life expectancy at age 5 years and for the starting age at each five year
interval down to 75
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3. Estimate the number of people who turned x and those aged x to x+4 last birthday from
reported deaths
4. Estimate the number of people who were aged x to x+4 last birth day during the period
over which the deaths are reported.
5. Compute the ratios of the estimates of the population aged x to x+4 last birthday and
the ratio of population aged x to x-1 last birthday.
6. Estimate the completeness of reported deaths using the age group  specific ratios, as the
sum of 50% of the median plus 25% of each the 25th and 75th percentile of these ratios11.
These two indirect methods were applied using annual mortality data for 2010, by age and sex,
from the birth and death notification system and population estimates based on the 2010 census.
A third indirect method is also available – the Synthetic Extinct Generations (SEG)
method[62]; but this requires population data from two censuses as well as annual mortality
data for all intervening years. This third method could not be applied in this study, as detailed
death registration data was not available for all years between the 2003 and 2010 censuses (data
was not available for 2003 & 2004).
Figure 9 shows the findings on trends in completeness rates of death registration in Oman using
indirect methods for measuring the death completeness. The Brass growth balance technique
consistently measures completeness at very high levels (>90% in almost all years). In
comparison, the Preston-Coale method shows a consistent increase in the completeness of
death registration from 46% in 2005 to 67% in 2010. This trend is consistent with the increase
in the number of registered deaths over this period (see Figure 9). Both methods are based on
underlying demographic models with specific assumptions, such as stable populations with
constant fertility and mortality rates. The indirect methods applied here assume that the Oman
population model has the same characteristics, which is not actually the case. The Preston-
Coale method is also sensitive to the population growth rate, which is used to calculate the
completeness of death registration. The difference between the estimates of completeness from
both methods might be due to violations of the underlying model assumptions12.
11 61. Moultrie, T., et al., Tools for demographic estimation. Paris: International Union for the Scientific
12 Assumptions of Brass growth balance & Preston-Coale methods
a. The population is stable
b. That fertility and mortality rates have been constant in the population during the years preceding
the assessment
c. That the completeness of reporting of deaths is the same for all ages above a minimum age
(usually age 15).
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In the context of Oman, the available data from vital registration also raises some uncertainty
on the quality of data recorded for individual deaths. For instance, age and sex misstatement
could lead to wrong interpretations of the death registration level. Also, the Birth and Death
Notification system records the age as ‘unknown’ in about 5-10% of cases. These deaths were
excluded from the completeness analysis, which could give incorrect death completeness rates,
particularly if most of these deaths actually belong actually belong to 1-2 specific age groups,
rather than being uniformly distributed across all ages As mentioned in regard to the
interpretation of diagnostic plot (Figure 1 ), rapid decline in childhood mortality over 2-3
decades accompanied by relative increase in fertility in recent period might violate the
assumption of stability, particularly for the Brass growth balance method. From another
perspective, the population growth rate varies annually across the period 2005-2010 (data not
shown) and this could violate the assumptions of Preston and Coale Method.
Other research on the assessment of completeness of mortality registration has shown
considerable discrepancies and uncertainty in estimates of completeness using indirect
methods.  Murray and others also recommend that analysts should apply more than one
methods when estimating the completeness of death registration data and observe the
consistency of the results produced. They warn that the level of uncertainty associated with the
estimation of completeness of registration could be to the degree of (+-) 15%, suggesting that
results yielded by indirect methods should be interpreted with considerable caution. The
inconsistency between the completeness estimates from the two methods does raise a concern
about which of them is likely to be the correct estimate. Even if both estimates were consistent
they could be systematically incorrect, owing to their reliance on the underlying assumptions.
Other researchers have advocated the application of direct methods involving capture recapture
analysis to derive an alternate estimates of completeness, if the data requirements of dual
records systems are met[63].
The above uncertainty of indirect estimates along with availability of independent data-sets on
mortality in Oman justifies the further analysis of completeness of death registration in Oman
using direct methods. Therefore, for the context of Oman, completeness of death registration
needs further investigation through applying direct methods such as capture-recapture
d. The population is closed to migration, although this assumption can be relaxed if net migration is
small relative to the mortality rates.
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techniques. The next chapter will discuss this methodology and findings of an analysis using
this method to measure completeness of death registration in Oman in details.
Figure 9 Completeness rates of death registration in Oman using Brass growth balance and
Preston Coale methods (2005-2010)
(Data Source: Birth and death notification system, Ministry of Health, Oman)
2.5.3 Completeness (quality assurance)
The second aspect of data quality is the completeness and accuracy of variables recorded in
death notification forms. The death notification database stores complete details from each
notification form. This enables efficient and detailed analysis of data quality from the
perspectives of completeness and accuracy of recorded variables. Further, such analysis,
conducted over time, is useful to identify trends in data quality.
Table 8 shows the trend in percentage of missing values in the most important variables that
are needed to describe and analyse mortality patterns in any community. Age, address, sex,
nationality, and cause of death are the most critical variables that need to be complete and
correct. In the death notification form, entries are required for date of birth and date of death;
information from these two variables is used to compute the age at death. In the birth and death
notification system database, the computation of age at death was not possible for nearly 20%
of events in 2005; this decreased to 10% in 2010. It was observed that the majority of cases
(>95%) where age at death could not be computed were due to the missing information on date
of birth. In general, the dates of birth are not available for individuals born before 1970 due to
an absence of any practice of maintaining vital event records in that period. Also, in several
cases, only minimal information is sometimes provided for ‘brought in dead’ cases when the
accompanying relative is not aware of all details. However, age at death is an important variable
needed to produce the age-specific mortality rates, and construct life tables. Address variables
(governorate, wilayat and village) are needed to estimate the mortality indicators by geographic
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distribution. Table 8 shows  efforts invested over time to improve the documentation of the
address variables has result in reduction in missing information for governorates, wilayats and
villages, which was reduced to 7%, 8%, and 17% respectively in 2010.
Causes of death (underlying, direct, others) are considered the most important information
recorded on death notification forms. A high level of attention must be given to this section of
the notification form since this information is used to infer demographic and epidemiological
patterns in the leading causes of death in the community. A preliminary analysis revealed that
the overall quality of cause of death certification is very weak, and has remained so over time,
as seen in Table 8. This includes records with missing cause of death (direct, underlying, or
both), as well as records with ill-defined or vague causes of death. In general, most forms had
only one cause of death listed, which was either listed as an underlying or a direct cause.
Moreover, an examination of individual cases suggested improper assignment of direct causes
as underlying causes, and vice versa, and this severely limits the potential to correctly describe
proportionate ranking of mortality from specific causes. As a result, there was no attempt to
generate any statistics on causes of death in Oman from the birth and death notification system
database until 2010.
Table 8 Summary for missing key variables by year of death in the birth and death
notification system in Oman, 2005-2010
2005 2006 2007 2008 2009 2010
Total registered deaths (#) 5225 5630 6216 6713 7141 7038
Age (due to missing DOD, or DOB) (%) 19.9 17.0 15.5 11.5 9.4 9.4
Deceased governorate of residence (%) 9.4 8.7 9.3 9.9 6.5 7.0
Deceased wilayat residence (%) 10.3 9.5 10.5 11.1 7.7 8.2
Deceased village residence (%) 83.1 25.4 22.8 19.8 17.7 16.7
Ill-defined or missing underlying cause of death (%) 68.7 69.5 66.9 64.2 58.5 57.1
Ill-defined or missing direct cause of death (%) 46.9 45.0 43.5 48.3 51.8 58.9
Missing all causes of death (%) (underlying, direct, others) 18.9 18.1 17.7 18.7 18.6 11.1
Source: Birth and death notification system database, Oman
DOD: date of death, DOB: date of birth
2.5.4 Strengths and weaknesses of death notification system in Oman
Globally, death notification systems, or vital registration systems, are affected by different
factors that might positively or negatively influence the efficiency of the system. Despite the
establishment of compulsory death notification in Oman, the rapid data quality assessment
indicates uncertainty as to the completeness of death notification. Furthermore, information for
some specific variables appears to be of relatively low quality. These problems with
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completeness of death notification, as well as data quality, are likely to be the result of various
factors that influence the efficiency of the death notification system. In this section, the
strengths and weakness of the death notification system are reviewed according to a framework
that has been used in other settings [35, 64, 65]. The framework addresses the operational
characteristics of death registration systems from cultural, administrative, and technical
aspects, as outlined in Table 9.
Cultural aspects:
Initial reporting of deaths is the responsibility of family members. However, there are a range
of informants with a legal responsibility to report the death: those who have attended the death,
community leaders, physicians who have attended the death, institutions where the death has
taken place, and the institution that has received the dead body. From a cultural perspective,
transportation of the deceased to health facilities for verification and notification is an accepted
practice, provided it is logistically feasible in terms of distance and time. In some instances,
transportation to health facilities is also driven by a hope for terminal medical care which may
revive the individual.
According to the flow of death notifications depicted in Figure 6, health institution becomes
the main notifier since most of the deaths either occur in health institutions, or the deceased is
‘brought in dead’. Infant and neonatal deaths that occur in institutions are captured in the birth
and death notification system database[19]. The involvement of the health institution might be
resulted in high completeness rate because, in most cases, the health institution will report to
the death notification system directly.
Cultural & religious beliefs might contribute to incomplete reporting of the death. Secondly,
some cases might be not reported or notified, especially for cases of childhood age. In such
instances, since there is no benefit for the relatives to notify officials of the death, or
enforcement or sanctions if they do not comply, these official formalities are not observed.
Also, home deaths among elderly with no inheritance or financial consequences for their heirs
might be not reported to the death notification system.
Administrative aspects:
The administrative strengths of the system include the existence of a legal frame work (civil
status law and its regulatory document), the availability of instruction manuals, continuing
training and follow-up, and the involvement of the health system. Also, the central committee
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of civil status is considered as one of strengths that contributes to the development of the
system. The committee is chaired by Director General of Civil Status, and it includes
representatives from the Ministries of Health, Justice, Education, Interior, Foreign Affairs,
Social Development, and Manpower as well as the National Centre of Statistics and
Information.  The main functions of the committee are: to ensure the full participation of key
stakeholders, to generate the commitments and resources, to coordinate efforts to improve the
system, to ease and facilitate the resources, and to make efforts to overcome and resolve
obstacles.
One of major challenges for accurate death registration relates to the open cemeteries13 that are
scattered all over the country, and the registration of the deceased buried there. At present, no
death burial permit is required for burials in these sites. Also, penalties (which are part of the
civil status law) have not been implemented yet. This results in late notification of deaths,
especially in cases where the deceased dies at home and is buried directly, without reporting to
the nearest health institution.
A separate challenge is the lack of legal protection for medical certifiers (physicians) who fear
the legal consequences of disagreements on their findings on the probable cause of death for
brought in dead cases. This discourages the inclusion of a specific cause of death for such cases
with “unattended death” used instead. There is currently no requirement for an autopsy in
Oman for cases where the deceased has not been recently attended by a physician.
13 Open cemeteries: In Oman, cemeteries and graveyards are located in almost every village of the country. They
are usually neither fenced nor guarded. Currently, the Ministry of Regional Municipalities has designated at least
one public cemetery in every province wilayat in the country. Such public cemeteries are fenced, however people
prefer to bury their deceased in the nearest graveyards to original place of residence.
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Table 9 Strengths and weaknesses of the death notification system
Theme Strengths Weaknesses
Cultural issues  For home deaths, transportation of deceased to health
facility for notification is culturally acceptable.
 Immediate burial (within a few hours) is preferable,  sometimes before
notification, which may be missed altogether.
Administrative  Legal framework comprehensive in terms of duties and
responsibilities of citizens and administrators.
 Existence of operational manual and guidelines for
registrars simplifies procedures for notification.
 Good collaboration between health system and other
stakeholders – civil registration, police, justice system.
 Central committee of civil status provides legal and
technical guidance and support.
 No burial permit is required to release the body from health
institutions.
 Use of death notification as burial permit not enforced in open or
private cemeteries in some part of the country.
 The penalties for not complying with civil law are not yet
implemented.
 No legal provision to protect certifiers (physicians) in assigning
probable causes of death for brought-in-dead cases. This contributes to
missing causes for such deaths.
System issues  Most of death cases either die in health institutions or are
brought in dead to the health institutions, resulting in high
completeness.
 Fully computerised database: Ministry of Health, other
government health institutions, and private health sector.
 Data are transferred electronically to the central
department of health information & statistics in the
Ministry of Health on monthly basis.
 The software is designed in-house, enabling easy
maintenance at low cost, and within short time period.
 Missing some of data from other important fields. For example, age ,
sex, address, nationality etc. High turnover of trained staff means skills
vary.
 There is a lack of training on cause of death and medical certification
of death.
 The coding system in the health information management system is
done by physicians and it is based on discharge diagnosis.
 The notification database at the Ministry of Health (standalone system)
is not linked with the civil registration data base and not linked with
health information management system.
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System aspects
As explained in the section on death notification, the death notification system of the
Ministry of Health is considered as the primary portal of death registration in Oman. This
has resulted in a high completeness rate because, in most cases, the health institution will
report to the death notification system directly. The system facilitates the electronic transfer
of the data to the central Department of Health Information and Statistics in the Ministry
of Health at least monthly. The software is designed in-house, so updating or improving
the database can be easily done at a low cost and within a short period of time.
Despite the progress to date, some aspects of the death notification system still need to be
reviewed. Firstly, on some occasions, the Department of Civil Status does not transmit
details of locally-reported deaths (i.e by Shaikh/Wali  independent of the health
notification process) to the Department of Health Information and Statistics, which affects
completeness of the data. Such omissions also occur for deaths that transpire abroad.
The International Classification of Diseases ICD-10 coding is currently maintained by
physicians in the Health Information Management System. The high turnover of trained
staff, including medical certifiers, medical records staff, and ICD-10 coders, is another
significant challenge to the quality of the system. Also, ICD-10 coding specialists are not
employed in primary health care facilities, which may lead to inaccurate coding of cause
of death. In some instances, physicians who are not trained in coding cause of death select
the main diagnosis on the hospital records as the cause of death and use the automated
ICD-10 coding translator for assigning the code for underlying causes. The decision about
cause of death is often made without consideration of the specific rules for certification
and coding. Further, because trained medical records staff do not review the coding
decisions made by these physicians, such errors go unnoticed until they are identified
during annual analysis of the birth and death notification system database.
Finally, the central birth and death notification system database at the Ministry of Health
is not linked with the civil status database. This means that data from the death notification
form must be entered at both locations. This causes duplication of work and increases the
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chance of variation among different databases. Varying statistical reports from the two
agencies confirm that there is a high degree of variation between the two databases.
2.6 Discussion
From the historical perspective of time trends described in this chapter, it is evident that
mortality rates have dramatically declined in Oman over the past four decades, particularly
mortality rates in children. The availability of reliable mortality and population data has
vastly improved over this period, starting with the virtual absence of any consolidated
sources for demographic and population data in 1970. Although data sources during the
1970s were relatively meagre, the available information suggested that under-five
mortality rates (> 150 per 1000) in Oman were comparable to almost all other developing
countries. Over time, more robust methods of data collection (sample surveys, censuses,
and eventually the death notification system) have provided more reliable estimates of
under-five mortality rates, and these estimates were useful in tracking declines in under-
five mortality. In 2010, the under-five mortality rate in Oman was estimated to be less than
15 deaths per 1000 live births. In fact, measures derived from the different sources in the
past decade demonstrate convergence, which indicates the strength and reliability of data
from the death notification system as a routine data source for measuring the under-five
mortality rate. As a result, there is no need to conduct data from independent, resource-
intensive surveys, or to use health facility-based record analyses to measure the under-five
mortality rate.
In contrast, the death notification system used to measure adult mortality requires
strengthening. In addition to measuring adult mortality, the birth and death notification
system can also be used to estimate life expectancy at birth from empirical sources, and
promote an understanding of mortality patterns by cause of death. The preliminary analyses
of data from the birth and death notification system, in terms of completeness and quality
of recorded variables, suggest a need for detailed investigation to assess the extent of, and
reasons for, the existing problems, and there are described in chapters 3 & 4 of this thesis.
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System strengthening
Improvement of the death notification system can be achieved through the adoption of
several strategies. One of important strategies is to increase people’s awareness on the
importance of vital registration. Enforcing penalties for failing to register a death, as part
of civil status law, and imposing a requirement for burial permits might increase the
completeness rates of death registration. Also, the integration and enhanced connectivity
of different systems are required. Such integration can help to reduce duplication of data
entry and reduce entry errors as well. Events notified by the Wali, or in Omani embassies
abroad, and reported to the Department of Civil Status could then be compiled in the
notification database in the Ministry of Health. Training has to be provided to physicians
on cause of death, medical certification of death, and ICD-10 coding. Training should
emphasize the importance of timely, accurate, and complete notification for evaluating the
health status in the community, and supporting health planning to improve population
health.
The training strategy should involve different stakeholders involved in the death
registration system, including medical certifiers (physicians), medical records staff, and
ICD-10 coders. Training should cover different aspects and be repeated periodically.
Assessment of completeness and quality of data has to be conducted on regular basis.
In 1999, the National Committee of Civil Registration was formed in order to streamline
the work of civil registration, and to contribute to its development in the country. The
committee, which is headed by the Director General of Civil Status, consisting of different
stake-holders as mentioned earlier. This broad membership has ensured the establishment
of civil registration as a priority for the Oman government, and efforts from all members
have resulted in the achievements in implementation to date. However, there is a need for
greater harmonization and integration among these different players and agencies involved
in the system, particularly in terms of the roles of the National Centre for Statistics and
Information and the Ministry of Health. Increasing community awareness about the
importance of information on causes of death, training, law enforcement, periodic
assessment of the system, and maximizing the dissemination and usage of system products
will potentially lead to improvements of the system.
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In conclusion, the death certification/notification system in Oman should be evaluated and
assessed for its completeness in terms of coverage, and quality of cause of death data. To
understand the context of death registration in Oman, this thesis will describe two empirical
studies using three datasets: the birth and death notification system, the census, and medical
records databases in health institutions.
Chapter 3 describes and presents the capture-recapture study to estimate the completeness
rate in the country for national and sub-national levels. Chapter 4 will highlight on the
quality of cause of death through validation of causes documented in the birth and death
notification system with the information on cause of death as per the medical records
systems of health institutions.
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Chapter Three
Assessing the completeness of death registration in the death
notification system in Oman
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Chapter Three: Assessing the completeness of death
registration in the death notification system in Oman
3.1 Introduction
In Oman, the most important source of mortality data is the death notification system,
which was initiated in May 2004 as part of civil registration system. In addition to the death
notification system, Oman has secondary sources of death data including censuses, medical
records at health facilities, and demographic health surveys. These are valuable resources
for verifying the validity of the mortality data collected by the death notification system.
In spite of the importance and common use of mortality data, its validity in many countries
is questionable [66-68]. If mortality data is to be used in planning, its validity needs to be
confirmed, both in terms of i) the completeness of registration of deaths, and ii) the
reliability of the data (quality).
Though the death notification system is a comprehensive system of death registration, no
previous research has assessed the completeness of death registration in Oman.
Completeness is defined as the proportion of deaths registered out of the total estimated
deaths in a population for a specified time period. There are two broad approaches to
estimating completeness of death registration. In Chapter two, the use of indirect
demographic techniques for estimating completeness were discussed. Also discussed were
the findings from the application of this approach in Oman, and the limitations of this
approach. This chapter estimates the completeness of death registration in the death
notification system using a direct technique, the capture-recapture method[69]. Also,
completeness of death registration (by age and sex) will be investigated at the sub-national
level. This will be achieved by cross matching data from two sources: the death notification
system and 2010 census. The estimated level of under-reporting will be used to adjust the
reported deaths to derive the best estimate of deaths by age and sex in 2010. Subsequently,
these estimated numbers of total deaths will be used to generate adjusted life tables for all
governorates, with life expectancy and specific mortality indicators presented and
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discussed. Once the analysis of completeness of data has been undertaken, the reliability
of mortality data will be able to be examined.
3.2 Background
In chapter two, I discussed the analysis of adult mortality completeness rates using indirect
techniques, including the Brass growth balance method [66] and Preston and Coale method
[54]. Preliminary analyses using the Preston and Coale method estimated completeness of
death reporting in Oman at 64% in 2009 and 67% in 2010. However the completeness rate
was much higher when applying the Brass growth balance technique [59]: 92% and 95%
for 2009 and 2010 respectively. These results indicate that there are remaining gaps in the
data used to estimate completeness. An example of such a gap relates to the considerable
uncertainty around migration of Omanis in and out of the country. Most of the indirect
methods used in Oman assume a closed population with no migration. The other
assumption that might be violated for when using an indirect methodology relates to the
stability of the population. Indirect methods assume that the fertility rate and mortality rate
remain stable. Given the variation in the completeness rate when using different indirect
methods, the use of direct methods becomes imperative. The capture-recapture technique
is the most appropriate methodology [69].
3.3 Methodology
3.3.1 Capture-recapture method
The completeness of death registration was assessed with the Chandrasekar-Deming
capture-recapture method, using standard calculations in a two-source model [69].
Capture-recapture can be defined as a method for estimating population size (total deaths
in this study) when a full count of the population is unavailable or unfeasible, but when
there are two or more independent sources of information on individual members of the
population. In such circumstances, individuals are ‘captured’ from their record in one data
source and ‘recaptured’ when the record for the same individual is matched in the second
source. For the purpose of matching, individuals are marked by unique personal identifiers
such as a name or identity number, and/or by a combination of characteristics such as age,
sex, date of death, or date of birth. Given that neither data source is complete, the matching
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exercise identifies three sub-populations: individuals matched across both sources,
individual in the first source but not in the second source, and individuals in the second
source but not the first source. Subsequently, a statistical computation is applied to estimate
the likely size of a fourth sub-population: individuals who, for some reason, were not
recorded in either source. The sum of all four sub-populations is the estimate of the total
population size. The estimated completeness of either source is represented by the
proportion of its population out of the total estimated population. An important underlying
assumption of this method is that the probability of an individual or event being in one
source is completely independent of the probability of the individual or event being
recorded in the second source.
Capture-recapture methods were originally applied to the study of fish, ducks, and wildlife
populations, but have been proven to be appropriate for the study of human health and
population. Capture-recapture methods have been used to  estimate the completeness of
registration of births and deaths in India [69], and  the completeness of reporting of selected
malignancies in a cancer registry in Ontario[70]. The methods have also been used to
estimate the incidence of invasive meningococcal disease in Germany [71], the prevalence
of foetal alcohol syndrome in Alaska [70], and the under-reporting of AIDS cases in France
[72]. The method has also been referred to as “multiple record systems”, “dual system
estimation”, “ascertainment corrected rates” and “Bernoulli census estimates” [70].
Capture-recapture methods are used in epidemiological studies to estimate, and adjust for,
the extent of incomplete ascertainment, where the information is drawn from distinct
sources with overlapping lists of cases [70]. Table 10 summarises examples of the
application of capture-recapture methods in measuring the completeness of death
registration.
The assumptions of independence of data sources and the inherent uncertainty in the
matching process can affect the application of these  methods. However, the capture
recapture technique does have some advantages:
1) It has a simple and straightforward logical basis
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2) The possibility of estimating registration completeness among infants and young
children (which is not possible from the indirect methods) is one of the strongest
advantages of the method.
3) Linkage of two sources of data include the potential to correct specific variables, as
well as the potential to complement, merge or integrate other variables of interest
into the analysis. For example, family size or the housing condition can be retrieved
from census dataset into the BDNS dataset, to assess the relationships between
these variables and mortality.
4) Capture-recapture can be used to identify deceased’s characteristics related to
probability of capture by either sources. Such information could be useful for
improvement of an ongoing register by identifying subgroups (geographic, age or
sex) with a high probability of being missed by the register.
Overall, the capture re capture technique is an important alternate methodology for
estimating completeness rate. In the Omani context, this technique could be applied using
the data from two potentially independent sources namely: Birth and Death Notification
system (BDNS) and mortality module of 2010 CensusTill date, the application of this
methodology in other countries (see Table 10) cover only a small sample of national
population, which could limit the generalizability of results. ). Hence, an additional
advantage from applying this method in Oman is that both data sources i.e the BDNS
database and the Census cover the entire national population and for the same time period.
Hence, the results readily generalizable to the national level.
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Table 10 Capture-recapture methods: Applications in measuring the completeness rate of mortality.
Year Study Method/purpose Data sources Description
1949 Death and birth
rates [69]
Capture-recapture
(to estimate degree of
under-count)
Self-report events,
birth and death registration list
Capture-recapture method was employed to estimate the number of
births and deaths in an area near Calcutta, India, in1945 and 1946
separately.
1978 Abortion
mortality [73]
Chandrasekar and Deming
method
(to estimate degree of
under- reporting)
National Centre for
Health Statistics (NCHS)
classification, Centres for Disease
Control and prevention (CDC)
classification
The completeness of the surveillance system for monitoring abortion
mortality in the US from 1972 to 1975 was estimated. Data from two
systems were compared.
1994 Myocardial
infarctions (MI)
[74]
Capture-recapture
(adjust incidence)
MI community register,
hospital discharge and mortality data
The number of myocardial infarctions in six communities in Sweden
was evaluated. In each of these communities, two separate data
sources were used.
1995 WWII veteran
twins [75]
Capture-recapture
(to evaluate completeness of
veterans’ affairs (VA) death
reporting)
Veterans’ affairs death reporting,
social security administration
mortality
A cohort of nearly 32,000 World War Two veteran twins, followed
from 1946 to 1990, was used to assess the completeness of veterans
affairs death reporting. Completeness of reporting was evaluated by
comparing veterans’ affairs and social security administration
mortality ascertainment. Capture-recapture analysis results indicated
that veterans’ affairs death reporting ascertainment was 95.4%
complete.
1992
1995
1998
Mortality
registration and
surveillance in
China [76]
Independent re-surveys,
and statistical techniques
based on capture–recapture
methods are used to
estimate the completeness
of registration
Ministry of Health – Vital
Registration (MOH-VR) system
Chinese disease surveillance points
system
Estimated under-registration of deaths (%) in the disease surveillance
points system during the 1990s was evaluated through three
independent re-surveys. These surveys are conducted once every
three years on a sample of 5,000 households in each province.
2011 Analysis of cause
of death [77]
Capture-recapture analysis
of all-cause mortality data in
Bohol, Philippines
Local civil registration offices,
health centres and hospitals,
parish church records
Records were reconciled using a specific set of matching criteria;
both a two-source and a three-source capture-recapture analysis were
conducted. For the two-source analysis, civil registry and health data
were combined, due to dependence between these sources, and
analysed against the church data.
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(Cont. Table 12) Capture-Recapture Methods: Applications in measuring the completeness rate of mortality
Year Study Method / purpose Data sources Description
2011 Under-
registration of
deaths [78]
Results of cross-matching data
from two sources: under-
registration of deaths in
Thailand in 2005–2006
The Thai survey of population
changes 2005–2006
Thailand’s vital registration
records
Survey of population changes death entries for people of all ages
were matched to 2005–2006 death records from vital registration.
The principles of a dual records system were applied to estimate the
magnitude of under-registration of deaths, classified by age and sex,
using the Chandrasekaran-Deming formula (Table 2).
2012 Mortality
measures [79]
Mortality measures from
sample-based surveillance:
evidence of the
epidemiological transition in
Vietnam
Records from the justice
department were treated as an
independent source and were
matched with the Department and
the Commune Health Centre
(CHC) In addition, the Commune
Population and Family Planning
Committee (CPFPC) records
The records from the justice department and the CHC/CPFPC data
source were merged to create a single list of unique reconciled death
records. This reconciled list showed the deceased individuals’ ages,
sex, and addresses, as well as the source(s) of each record.
2012 Under-reporting
of road traffic
mortality in
developing
countries [80]
Application of a capture-
recapture statistical model to
refine mortality estimates
Hospital registry and police
accident data sources
The objectives of the study were to estimate the incidence of road
traffic deaths in Malawi using capture-recapture statistical analysis,
and to determine what future efforts would best improve upon this
estimate.
2012 Mortality trends
in Tonga: an
assessment based
on a synthesis of
local data [81]
Brass growth-balance method
Capture-recapture analysis
using two and three sources.
Health information system
civil registry. Data from the
reproductive health system of the
Ministry of Health,
Prime Minister’s office.
Records were reconciled to create a single list of unique deaths.
Completeness of the reconciled data was examined.
Infant mortality rate  and life tables calculated.
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Table 10 shows that the use of the capture-recapture methodology for estimating completeness
is widespread and also increasing in recent years, and is largely as an alternative to indirect
demographic techniques which are associated with numerous challenges (as detailed in Chapter
2). In the case of Oman, the two indirect techniques yielded considerably different measures of
completeness (65% vs. 95%). However, the availability of data on individual deaths in 2010
from two national level data sources in Oman provides an opportunity to apply the capture-
recapture techniques to measure completeness of the birth and death notification system in
Oman, and to obtain an alternative estimate of the completeness rate of death registration. In
this instance, the capture-recapture method will be used to compare all registered deaths in
birth and death notification system in 2010 with those deaths captured by 2010 census in the
same period.
3.3.2 Assumptions of the method
In a capture-recapture method certain underlying assumptions are made. Some assumptions are
implicit, such as the assumption that each case has been ‘diagnosed’ accurately, that all
identified cases are true cases (in this study: that each deceased is indeed dead), and that the
cases are in fact within the time-space unit being studied (in this study: this will be checked
with year of death and city/town/village of residence variables). Further assumptions are that
the population under study is closed (i.e. no entry into, or exit from, the population), that there
is homogeneity of capture probability (i.e. for each data source each individual has the same
probability of being included in the source), and that source independence operates (i.e. a
person’s presence in one source does not influence the probability of his presence in the other
source) [70, 82].
There is homogeneity of capture probability in the birth and death notification system.  This is
because registration of deaths is compulsory according to national legislation with individual
events being verified by medical certification of death. The national death notification system
in Oman is implemented using the same mechanism across all reporting  health institutions.
The flow and compilation of data is also similar and using the same centrally monitored
electronic platform with uniform data quality control tools. In addition, training provided along
with manual guideline is also disseminated to all health institutions. Training of medical
certifiers and coders is also provided on periodic basis, to ensure uniformity in data recording
and compilation. Data validation is also carried-out through different ways such as: (a)
comparing hospital deaths reported with death notification system, and b) field visit to the
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health institutions. These steps suggest that routine data collection processes of deaths in Oman
could result in an overall homogenous probability of capture of deaths in the BDNS system.
Although uniform data collection procedures are implemented in the mortality module of the
2010 census, the absence of data validation through the post enumeration survey limits the
homogeneity of probability of capture of death events by the census.
In regard to the independence of the two sources, the birth and death notification system is a
continuous recording system, while the census is a single point in time survey. This therefore
indicates that the two sources operate independently. Further, the key informant for death
notification could be different from the household respondent for the census, and this also
substantiates the independence of the two data sources.
Statistical Methods
(A)under-reporting of deaths
Table 11 presents the standard configuration used to represent data from a capture-recapture
study:
M = number of records captured in both sources (matched records)
C = number of records present in the birth and death notification system only
D = number of records present in the census only
The estimate of records potentially missed by both sources is calculated using the formula:X = C DM
As explained earlier, this calculation is based on the assumption of independence of the two
data sources.  The total number of estimated deaths in the population (N) can therefore be
estimated by the following summation: (M + C + D + X)
The completeness rate in the birth and death notification system [83] is calculated by dividing
the number of deaths reported in the birth and death notification system dataset by the number
of estimated deaths .
Table 11 Capture-recapture: two-source model (derived from the Chandrasekar-Deming
capture-recapture method[69, 84])
Census 2010
Birth and  death
notification system
Yes No Total
Yes (M) (C) (M+C)
No (D) (X)
Total (M+D) (N)
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For this estimate of completeness, the variance and standard error is calculated according to
the statistical procedure explained in the Chandrasekar-Deming technique (see Appendix B).
Studies using the capture-recapture method need to be of sufficient sample size to enable
computation of estimates of completeness for males and females separately, as well as for broad
age groups. In this study, we estimated completeness for the following age groups: 0-14, 15-
24, 25-44, 50-74 & above 75. The sample size was also sufficient to compute estimates for
completeness for all age groups for each of the 11 governorates allowing for an idea of sub-
national variation in data quality according to this dimension.
(B) Construction of life table
The estimated measures of completeness were used to adjust the reported numbers of deaths in
specific age-sex groups to derive the final mortality estimates by age and sex for 2010 in Oman.
These final estimated numbers of deaths were used, along with population data by age and sex
from the 2010 census, to construct sex-specific abridged life tables for Oman. The  method was
applied to calculate the 95% confidence intervals for life expectancy at birth and other
summary life table outputs (e.g. risk of dying between ages 15 and 59 and life expectancy at
60 years) [85, 86].
3.3.3 Study procedures
The two main sources of data that have been used in the capture-recapture study are the death
records from birth and death notification system, and death events recorded in the mortality
module of the 2010 Oman national census. The characteristics of the birth and death
notification system and database have been described in detail in Chapter two earlier. The
BNDS is a continuous, real-time operation which captures the occurrence of deaths
immediately or shortly after occurrence. In regard to the census, the mortality module includes
a specific question about the occurrence of death in the household within the previous calendar
year. In the event of a death within this reference period, the household was asked for details
on several variables except the actual name of the deceased. Although Census data quality is
usually evaluated by a Post Enumeration Survey, this was not implemented for the Oman 2010
Census. As an alternative, indirect methods of data quality evaluation were applied by the
Center for Quality Control through comparison of census data with data from other
administrative sources of population data such as the population databases from different
ministries such as Civil Status, Health, Manpower, Education, and Social Development. No
details are available on the findings from such comparison. However, it was also believed that
the burden on the operation was reduced via the collection of data using the handheld devices,
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and this would have indirectly improved the quality of data. While this has certainly eliminated
missing variables in recorded data (discussed later in relation to Table 13), the overall
completeness of census enumeration could influence the utility of census data for the capture-
recapture analysis.
The census dataset of mortality events between 13th December 2009 and 12th December 2010
was matched with events extracted from the birth and death notification system database for
the same reference period, as per the recorded date of death. As described earlier, the BDNS
captures death events immediately on occurrence through a legal process, whereas the census
captures death events based on an annual recall and on an informal interview process. Hence,
in the context of the underlying assumptions for applying capture-recapture methods, it is clear
that the two data sources for this study are independent in data generation procedures (i.e. the
probability of a death being reported in the birth and death notification system is independent
of the probability of a death being reported in the 2010 Census). In other word, the likelihood
of a death being registered in the 2010 census is independent of the likelihood of it being
captured in the birth and death notification system.
Preliminary examination of the data was undertaken in order to develop specific criteria for
manual matching of the data in the birth and death notification system database and data in the
death module of the 2010 census database. The variable lists from both datasets used in the
matching procedure are listed in Table 12.
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Table 12 Variables by source
Variable BDNS  database Census 2010 database
Notification number √
Reported institution √
Name of deceased √
Name/tribe name of applicant* √ √
Governorate/region √ √
Wilayat (district) √ √
Town/village √ √
Locality or compound √
Sex √ √
Date of death √ √
Age at death √ √
Date of birth √
* The applicant for death registration, as well as the census respondent, is assumed to be from the same household and tribe as the deceased.
Hence the tribe name of the deceased would be the same as the tribe name of the BDNS applicant as well as the census respondent. Hence,
the tribe names were used in the matching process.
While the name of the deceased is a very important variable for such matching exercises, the
census does not record this variable; this created a challenge in this process. However, a
specific naming convention of Omani citizens helps to fill this information gap. According to
this convention, the name of each individual includes the name of the tribe. Therefore, the name
of the deceased recorded in the birth and death notification system database includes the name
of the tribe. In the second source, census household records included details regarding the name
of the tribe to which the household belonged (as derived from the name of the census
respondent), as well as the detailed address, including the name of the locality/compound. From
this information, it was possible to extract the tribe name and use this to match with the tribe
name of deceased individuals within the same locality/compound in the birth and death
notification system. All the other allied variables, such as date of death, age, etc, could also be
matched. This approach, using a combination of tribe name and address variables, was useful
in enabling matching for most of the records.
3.3.4 Initial data quality assessment
An initial review of both sources was conducted to identify the characteristics of variables that
could be used for matching, and to find potential problems with either dataset that could
influence the matching exercise. For the reference period of the study, the birth and death
notification system dataset had a total of 6,039 records, and the census dataset had 5,400
records. Initial screening identified 3 duplicates in the birth and death notification system
dataset and 19 duplicates in the census dataset; duplicate records were removed. There were
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several data quality issues in the birth and death notification system database; these are
summarised in Table 13.
Table 13 Missing/duplication of the primary variables.
Items Birth and death
notification system
database
Census
Total records 6,039 5,400
Missing date of death 0 0^
Duplicates 3 19
Missing age 652 0
Missing sex 18 0
Missing governorate 457 0
Missing Wilayat 535 0
Missing nationality 18 0
Missing Wilayat and governorate 457 0
Records used in matching 6,036 5,381
^ Date of death in the census dataset is divided into three variables (year, month and day); there are 153 records with unknown day and
month
As mentioned earlier, the census database does not provide a name for people who are reported
deceased. Hence, while the name is an important primary variable for matching, it could not
be used, and the alternative approach described above was used instead. As a result, the
matching exercise was initially conducted using additional common variables. A brief
explanation of the specific variables, and their appropriateness for the matching process, is
given below:
Age: Age is one of main variables used in case identification, along with other variables.
Records, or even estimates of age, may make it possible to match cases. The possibility
of recall bias in age in the census database is high since information on the deceased was
obtained verbally during the household interviews. In addition, age heaping14 in both
databases was common, especially among the elderly. Unfortunately there were 652
records in the birth and death notification system with missing age.
Date of death: In both databases, date of death was reported. Very few cases in the census data
set were missing day or month (153 cases with unknown day or month of death). Again,
this can be explained by recall bias. Date of death was provided in 100% of cases in the
birth and death notification system database.
14 Age heaping occurs because many people (particularly older people) tend not to give their exact age in a
survey or censuses. Instead, they round their age up or down to the nearest number that ends in 0 or 5. When the
ages are graphed, the distribution isn't smooth; instead, there are heaps over the ages ending in 0 and 5.
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Address: The address contains three entities: governorate, wilayat and village. More than 10%
of records had missing address data, especially the governorate and wilayat. Cases where
the address was in the United Arab Emirates (UAE) were unlikely to be captured in the
census in Oman. The address of the deceased in the birth and death notification system
database might also differ from the address in the census due to the possibility of change
of address during the period of the study.
In instances where the address was missing, the additional characteristic in the naming
convention of Omani citizens (i.e. the tribe name) was again of use. In Oman, the location
of original residence of all major tribes is very well known. From the name of the
individual, it is possible to infer the tribe, and from the name of the tribe, the actual
Wilayat. Hence the missing address variables of Wilayat and locality can be derived.. For
example, the tribe name (family name) of “Al-Mahrooqi” will give an indication that the
deceased is from “Adam wilayat”; this is the area inhabited by the “Al-Mahrooqi” tribe.
However, this convention is likely to weaken in the coming years owing to gradual
migration to urban areas of Oman.
Nationality: The nationality variable in the birth and death notification system database is the
most complete of all the variables. There were only 18 cases without nationality recorded,
and these were assumed to be Omanis since the names of deceased conformed to the
Omani naming system.
Sex: The Sex variable was also close to complete in both sources. There were 18 deaths with
unknown sex. In these 18 neonate cases, gender could not be identified due to congenital
anomalies or birth defects.
Occupation: This variable is used to indirectly explore the age of deceased if he/she is under
the working age. If the word “child/infant” is written in the occupation field it might be
used to classify the age of deceased.
3.3.5 Data matching procedure
The matching across the two data sources was a complex exercise conducted using the
Microsoft Access program. All field names were given clear descriptions to ensure accuracy
when selecting variables for matching. The matching was done electronically in three phases.
To improve the success rate in the matching process, specific interventions were applied. Some
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of these interventions were based on assumptions leading to criteria for adjusting certain
variables in individual records. In addition, a set of records was specifically returned to the
home institutions to verify and update certain variables that were missing. The application of
these interventions within the three phases of matching is described below.
a) Phase one:
At the start of the matching exercise, the complete datasets from two sources were linked
according to the following six variables:
 date of death,
 age at death,
 sex,
 region,
 wilayat
 village
In phase one of matching process, records were compared all at once on the full set of matching
variables (exact matching). A record pair was classified as a match if the two records agree,
character by character. If the two records disagree on any of matching variables, they were
declared as unmatched records. The above restrictive matching yielded very low matching of
records (less than 10%). The initial results from the above matching process yielded 568
records (9.5%) that were exactly matched in both sources. Table 14 provides details of records
that were unmatched from each of the variables of interest.
Table 14 Summary findings of the first phase of the matching process
Number of records
Matched records in the first round 568 (9.5%)
Not matched from birth and death notification system database 5468
Missing age 500
Missing governorate 435
Missing wilayat 502
Missing village/locality 1022
As can be seen, the vast majority of records (approximately 90%) remained unmatched after
the first round, and this presented an enormous challenge in the matching exercise. At first, the
records in the birth and death notification system database that had missing variables were
identified (as shown in Table 14). When variables are missing, the reason for mismatched
records is clear. In addition, even a difference in date at death by a day with exact matching of
all other matching variables, results in the two records being classified as non-matched. Also,
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variations in the spelling of village names, or marginal differences in the age in years were
considered as unmatched records, given the electronic process for matching.
Subsequently, the birth and death notification system dataset was subjected to an intense
manual scrutiny to identify the major reasons for this very high proportion of unmatched
records. On manually examining the data more closely, it was found that such minor
differences accounted for a considerable number of mismatched records. Given the uncertainty
in self-reported data on age and dates of birth and death in the Census as well as Vital
Registration records, and also problems with recording of spellings of village names, such
mismatches are unavoidable. Such a large number of mismatched records, if they were all true
mismatches, would suggest a total number of deaths in the study population which would be
implausibly high.
The manual scrutiny showed that there were frequent spelling mistakes in the village name, as
well as misrepresentation of village names with names of the wilayat; this resulted in
unmatched records. Next, in many instances, it was noted that there were small differences in
the age at death, or in the date of death, as recorded in either system, which resulted in
unmatched cases. Finally, there were a small number of cases of deaths among neonates, in
which there were differences in gender, although all other variables (including details of
address) were matched.
Hence, although the extent of mismatched records was high, and is suggestive of considerable
problems with the data, the study proceeded with the second phase of matching in which there
was a relaxation of the criteria, which yielded more plausible results.
Phase two:
In phase two, records were matched using less restrictive criteria in which record pairs that did
not match in the first phase were passed to the second phase for further comparison.
Based on the observations from phase one, it was decided to first apply the following generic
margins in criteria to the existing dataset, and repeat the electronic matching exercise.
1. A band of 5 years was applied to the age at death (i.e. differences in age of up to 5
years for a record which is matched on all other variables was considered a match).
2. A variation of one month in the date of death for records matched on all other
variables was considered a match.
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3. Spellings of village names in both the birth and death notification system database
and the census datasets were corrected to ensure uniformity.
4. Cases of neonatal deaths that were matched on all other variables besides gender
were considered a match.
Table 15 presents the findings from the second round of matching, after applying the above
corrections and criteria.
Table 15 Summary findings of the phase two of matching process
Number of records
Matched according to age 2,983
Matched according to date of death 3,078
Matched according to gender 3,252
Matched according to wilayat/village 3,284
Total matched records on all variables 2,983
The second round of matching resulted in a considerable improvement in the proportion of
cases successfully matched.  The rate of matching increased from 10% after the first round to
49.4%. However, this level of matching between records does not represent the potentially
true extent of the degree of concordance between the two data sources, particularly since
there are missing variables for a sizeable number of records, as well as potential inaccuracies
in some of the recorded variables.
b) Phase three
In order to increase the rate of completeness of data in the birth and death notification system
dataset, it was decided to first address the issues arising from missing variables. There were
521 records that had only the registration serial number, but not other information on the age,
date of death, gender, or the cause of death. However, the registration serial number includes a
code for the health institution that notified the event. Hence, all these records were returned to
the notifying health institutions in order to obtain updated information on the missing variables.
Although this process took about six months, the exercise was useful in that correct data
relating to age and the names of villages was identified for about 51% cases. Table 16 provides
details on the number and proportion of records in the birth and death notification system
dataset that could be corrected for different variables. This exercise indicates that while data
on these variables were available from the health records, there was lack of attention in
completing the death notification record. This aspect of the notification process requires
strengthening in the future.
Table 16 Records with missing fields before and after field visit
74
Before After Correction
rate (%)Males Females Unknown Males Females Unknown
Missing age 96 177 0 52 81 0 51
Governorate 204 240 2 46 41 0 80
Wilayat 233 283 5 115 110 3 57
Village 230 281 5 130 121 3 51
In addition to the above field work, several interventions were applied to improve the
completeness of missing variables for the remaining records. For example, when the  names of
wilayats or villages were missing, the following strategies were applied:
1. When the tribe name was known, this information was used to infer the wilayat/village
of residence (tribe names can be mapped on to known wilayat/villages).
2. When the health care institution where the death was registered was known, this
information was used to infer the missing address variable for the deceased.
3. When the age of the deceased was missing, one of several strategies was employed.
Firstly, if the  occupation of the deceased was ‘student’, the age was inferred to be
between 5 and 15 years. Secondly,  where the name was recorded as ‘son of  ______’,
‘daughter of ________’, or even ‘baby of ____’, this was taken as an indication that the
deceased was an infant, given the Omani custom of naming only a few weeks following
birth. Thirdly,  in some instances, the notified cause of death was used to fix the age
(e.g. if the cause was ‘birth asphyxia’ or ‘congenital anomaly’, the age was presumed
to be that of an infant. If the cause was ‘senility’ or ‘dementia’, the deceased was
presumed to be from an older age group). In terms of procedure, these corrections were
applied as follows:  if a record with missing age from the birth and death notification
system dataset was similar in all other aspects (e.g. date of death, gender, detailed
address) to a record from the census, and the cause was marked as ‘senility’, then the
age of deceased recorded in the census was used to update the age in the birth and death
notification system dataset, and the record was deemed as matched. Finally, scrutiny of
the remaining unmatched records indicated that there were several records among the
elderly which were matched on several variables but not age; however, the age recorded
in each dataset was within a band of 10 years. As mentioned in Chapter one, there was
no real concept of identifying the date or year of birth in Oman prior to 1970. Hence,
there is no record of age among the elderly in Oman, and this leads to a considerable
degree of age-heaping, particularly in the census records.
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4. Where there were discrepancies in the date of death and date of notification (which
could be due to actual differences or inaccurately entered data), it was decided to
modify the matching criteria as follows:
1. For deaths above the age of 65 years, an age band of 10 years was applied to
determine matched records.
2. For the date of death, a band of two months was used to determine matching.
Table 17 presents the findings for the third and final round of matching after applying the above
corrections and criteria.
Table 17 Summary findings of the third round of matching process
Number of records
Matched records in first, second and third 4,819
Not matched 1,217
Reasons for un-matched records*
Missing age 192
Missing governorate 163 + 5 (residing abroad)
Missing wilayat/village 179
Under-recorded events in census 650
* Some records remained unmatched due to more than one missing variable
However, the updating of records based on these strategies did not capture the specific details
as to which particular strategy was applied in each case. Moreover, in several cases, more than
one corrective measure was applied for updating the record. These procedures were carried out
through intensive consultation with the core field assistants and research staff at the department
of health statistics in Oman MOH. This consultation was necessary because of the need for
local inputs regarding tribe names, location of health care institutions etc. The electronic
records were updated manually in the original data-file with overwriting of records, to obtain
the final matched records file.
Overall, the strategies that have been implemented in phase three could contribute to match
1,537 records, which represent about 30% of total matched records. Following this research,
instructions have been issued to all notifiers to ensure the complete and accurate recording of
all key variables such as name, age, sex, address, place of death etc. Implementation of these
instructions will minimise the requirement to implement such corrective strategies in future
application of direct methods for estimating completeness.
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By completion of the third phase of matching, there were 1,537 more records that could be
matched in addition to 3,282 records that were matched in phases one and two. Hence, at the
end of the third round, the proportion of matched records increased to 79% of all records
reported in the birth and death notification system dataset. However, it should be noted that
several records remained unmatched due to missing information on key variables used for
matching. Further, the birth and death notification system database had 650 more recorded
deaths than the census, and this too contributed to the degree of unmatched records. If the
census had recorded a higher number of death events, the proportion of matched records
between the two data sources may have been higher. Figure 10 summarizes the algorithm of
matching procedures completed in three phases as they are explained above.
BDNS 2010 census
Are records
fully
matched?
Are records
partially
matched?
Yes
No
No
Matched records
dataset
Tag records as unmatched
and check next records for
matching till the end of the
list in both datasets.
Move matched records to
matched records dataset
and check next records
till the end of remaining
list
Unmatched records
in census Dataset
Yes
Unmatched records
in BDNS Dataset
Increase the small margin of error
gradually for some variables like age,
sex, address, etc.
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Figure 10 Matching procedure algorithm
Figure 11 presents the detailed age-sex breakdown of unmatched cases contained in the birth
and death notification system dataset but absent from the census dataset. Unmatched cases were
highest in the elderly population in both sexes. In some instances, failure of matching of deaths
among the elderly may have occurred due to dissolution of the household after the death event,
resulting in non-reporting of the event in the Census. However, according to prevailing patterns
of society in Oman, elders are almost always cared for by their offspring, and do not reside by
themselves in single households. As a result, death of elders be reported by other family
members of households. Nevertheless, the potential for such missed deaths in the Census
should be considered as a reason for failure of matching of some deaths among the elderly.’In
addition, the cases with missing age also significantly contribute to the proportions of
unmatched cases in both males and females. These findings indicate that the census dataset is
relatively weaker than the birth and death notification system dataset in identifying deaths
among the elderly. In addition, there are weaknesses in the quality of data for other key
variables in the birth and death notification system dataset, such as address of the deceased and
age at death, which are of crucial importance in the matching process. Accuracy in recording
of these variables at registration, as well as during census rounds, is one of the main challenges
facing the system. These challenges must be overcome in the future in order to produce high
quality mortality data.
Figure 11 Unmatched cases in the birth and death notification system by age and sex
3.3.5 Level of analysis region/national
As explained in Chapter One, Oman is divided administratively into 11 governorates, and each
governorate is divided into wilayats. The total number of wilayats is 61. The population of
wilayats ranges from less than 500 people to more than 200,000 people. The findings from the
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matching procedure can be stratified based on different levels of geographical presentation (i.e.
wilayat, governorate, and national) and administrative setup of the country. First, the overall
national completeness rate has been calculated. Further analysis has been done to investigate
the completeness rate for the region and wilayat (district) level. This analysis will highlight
geographical variation in completeness of death notification and registration. Further research
is warranted to explore factors related to low performance in some areas.
3.4 Results
The findings from the matching analysis are presented in Table 18. As described in the
methods, 142 deaths were estimated to be potentially missed by both sources, resulting in a
total estimate of 6,740 deaths among Omani citizens during the study period in 2010. This
results in an estimated completeness rate of 89.5% across all ages and both genders for the
birth and death notification system.
Table 18 Overall completeness of reporting of deaths
census 2010
Yes No Total
Birth and death
notification system
Yes 4,819 1,217 6,036
No 562 142 644
Total 5,381 1,359 6,740
This relatively large sample size results in a narrow 95% confidence interval for the aggregated
estimate of completeness. Table 19 shows the age- and sex-specific details of the matching
results, computation of the estimates of completeness, and 95% confidence intervals. The
completeness rate among male deaths was at least 90% across adults and elderly age groups
for both sexes.  However, the completeness rates are markedly lower below the age of 15 years,
especially among male children. The small number of events in these age-sex groups results in
relatively wider 95% confidence intervals, which also overlap; hence it is difficult to interpret
any statistical significance in the sex differentials of these estimates.
On the other hand, the completeness estimates for all other age groups are close to or above
90%, and also within tight confidence intervals. These findings indicate the strength of the
estimates of completeness based on the underlying assumptions of this method.
In order to give more understanding on the age patterns of mortality identified from this
empirical study, Figure 12 presents the age- and sex-specific death rate for males and females
at each age as per reported data in BDNS and the corrected number of deaths after applying
the incompleteness factor for each age-sex category to adjust the number of deaths by age-
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group and sex.   The graph clearly shows the increased death rates among children for both
sexes following the adjustment, as a result of the high underreporting estimated in these age
groups. Also, the mortality rates in the terminal age group does not appear to follow the smooth
exponential rise as per normal expectation[87]. This might indicate a problem from age-
reporting of deaths or population, or an undercount of deaths in this age group. Nevertheless,
adjustments to mortality rates at these ages are likely to have very little impact on the overall
life expectancy at birth.
Figure 12: Log plot of Age and sex specific death rate (Observed vs Adjusted), Oman 2010
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Table 19 Number of deaths and completeness rates in 2010 by age and sex calculated by cross-matching the birth and death notification system and
2010 census, Oman
Sex Age group
Number of deaths Completeness
Matched
records
(M)
Found in
BDNS only
(C)
Found in
census only
(D)
Estimated
missed in
both (X)
Estimated
deaths (N)
95% confidence interval Estimated completeness of death registration –
Completeness rate (95%CI)Lower
bound
upper
bound
Males 0-4 322 47 153 22 544 532 556 68 (63– 73)
5-14 79 4 58 3 144 139 148 58 (47- 68)
15-24 248 4 30 0 282 281 284 89 ( 85-93)
25-44 334 54 30 5 423 418 428 92 (89-95)
45-64 675 119 11 2 807 804 810 98 (98-99)
65-84 948 437 15 7 1,407 1,401 1,413 98 (98-99)
85+ 306 25 29 2 362 359 366 91 (88-94)
Total 2,912 716 326 80 4,034 4,014 4,054 90 (89-91)
Females 0-4 248 48 93 18 407 396 418 73 (68–78)
5-14 60 0 34 0 94 94 94 71 (66-76)
15-24 79 4 13 1 97 95 98 85 (78-93)
25-44 148 7 14 1 170 168 171 91 (87-69)
45-64 379 63 20 3 465 461 469 95 (93-97)
65-84 699 283 29 12 1,023 1,015 1,031 96 (95-97)
85+ 294 20 33 2 349 346 352 90 (87-93)
Total 1,907 501 236 62 2,706 2,688 2,724 89 (88-90)
Both 0-4 570 95 246 41 952 936 968 70 (66-73)
5-14 139 4 92 3 238 233 242 68 (65-71)
15-24 327 8 43 1 379 377 381 88 (85-92)
25-44 482 61 44 6 593 587 598 92 (89-94)
45-64 1,054 182 31 5 1,272 1,267 1,277 97 (96-98)
65-84 1,647 720 44 19 2,430 2,420 2,441 97 (97-98)
85+ 600 45 62 5 712 707 716 91 (88-93)
Total 4,819 1,217 562 142 6,740 6,712 6,768 90 (89-90)
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Mortality differentials in Oman
The estimated number of deaths, stratified by residential governorate and sex, is presented
in Table 21. It is clearly shown that total deaths vary from one region to other. The deaths
from Muscat and North Al Batinah governorates account for about 37% of total deaths.
The lowest number of deaths was estimated from Al Wosta, Al Buraymi, and Musandam
governorates. All three governorates were estimated to have 100 deaths or less in 2010.
Those three regions have the smallest populations; therefore the numbers of deaths were
small.
The completeness rate of death reporting by governorates was found to be high in most of
the governorates. The completeness rate among male deaths was highest in al Wosta (95%)
followed by al Dhakhliyah (92%). The lowest completeness rate was reported in Al-
Buraymi (81%). For the female deaths, the highest completeness rate was reported in North
Al Batinah (97%), and the lowest in the Musandam governorate (67%).
Table 20 Summary of main mortality indicators based on adjusted life table by
governorate15 and sex - 2010
Governorate Life expectancy
at birth (years)
e0
Adult mortality - probability of dying
between 15 and 65 years (per 1,000)
45q15
Life expectancy at age
60
e60
Male
s
Female
s
Males Females Males Females
Ad
Dhakhliyah
73.7 78.8 158.4 77.8 20.2 23.1
Ad Dhahira 72.1 82.1 161.7 55.1 19.9 25.9
Al Buraymi^ 81.0 83.4 102.3 67.9 28.0 26.7
Dhofar 75.3 80.2 128.5 109.1 22.1 25.7
Musandam^ 83.6 79.6 134.3 34.2 30.3 21.4
Muscat 74.2 80.3 160.0 94.2 20.7 24.6
N Al Batinah 73.0 80.6 175.3 74.5 20.1 24.7
N. Sharqiyah 77.0 86.3 182.5 85.5 22.0 23.9
S Al Batinah 73.3 81.5 162.4 68.9 20.1 25.8
S. Sharqiyah 74.1 79.2 175.2 89.5 25.4 24.2
National 73.7 80.0 155.0 79.5 20.6 24.2
^ Life expectancy estimates for less populated governorates might be not true due to low number of deaths
reported  per year (<100 cases).
15 Life table for Al Wosta governorates cannot be constructed due to the small number of deaths.
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Table 20 which presents the adult mortality (45q15) by governorates and sex, shows that
mortality is high among males; the mortality rate is about double the female adult mortality
across most of the governorates. Such variation may be explained by differential mortality
from road traffic accidents among youth.
Table 21 also shows the life expectancy at birth by governorate and sex. Male life
expectancy at birth was estimated to be 73.7 years for males (with 95% CI of 73.3 to 74.2
years) and about 80.0 years (95% CI:79.5 to 80.0 years) for females. Life expectancy in
the different governorates was estimated to be similar to the national estimate for both
sexes, with the exception of small governorates like Musandam, Al Wosta, and Al
Buraymi. Those three regions have the smallest populations, and therefore the numbers of
deaths were also small. The increase in life expectancy at age 60, combined with ongoing
population growth at adult ages suggest that the elderly population is likely to grow in the
coming years. Therefore, comprehensive planning for the delivery of high quality services
to the elderly (including social welfare, health, and infrastructure) is essential.
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Table 21 Number of deaths in 2010 by governorate and sex calculated by cross-matching the birth and death notification system and
2010 census, Oman
Sex Governorate Matched
records
(M)
Found in
BDNS
only (C)
Found in
census
only (D)
Estimated
missed in
both (X)
Estimated
deaths (N)
Estimated completeness
rate of death registration
–
completeness rate (95%
CI)
Life expectancy at birth
(years and 95% CI)
Males
Ad Dhakhliyah 419 102 35 9 565 92 (90 - 95) 73.7 (72.4 - 74.9)
Ad Dhahira 198 43 30 7 278 86 (83 - 91) 72.1 (70.4 - 73.9)
Al Buraymi^ 46 16 11 4 77 81 (71 - 91) 81.0 (77.1 - 84.7)
Dhofar 217 47 34 7 305 87 (82 - 91) 75.3 (73.5 - 77.0)
Musandam^ 30 10 6 2 48 83 (72 - 95) 83.6 (77.5 - 89.6)
Muscat 530 51 80 8 669 87 (84 - 90) 74.2 (73.1 - 75.2)
N Al Batinah 642 145 49 11 847 93 (91 - 95) 73.0 (71.9 - 74.0)
N. Sharqiyah 208 56 25 7 296 98 (86 - 93) 74.1 (72.3 - 75.8)
S Al Batinah 372 86 35 8 501 91 (89 - 94) 73.3 (72.0 - 74.6)
S. Sharqiyah 231 66 20 6 323 92 (89 - 95) 77.0 (75.0 - 79.0)
Total 2,912 716 326 80 4,034 90 (89 - 91) 73.7 (73.3 - 74.2)
Females
Ad Dhakhliyah 292 64 28 6 390 91 (88 - 94) 78.8 (77.4 - 80.2)
Ad Dhahira 111 45 16 6 178 87 (82 - 93) 82.1 (79.7 - 84.3)
Al Buraymi^ 32 0 6 0 38 84 (72 - 97) 83.4(79.2 - 87.6)
Dhofar 176 16 24 2 218 88 (83 - 93) 80.2 (78.4 - 82.0)
Musandam^ 20 0 10 0 30 67 (46 - 87) 79.6 (76.1 - 83.2)
Muscat 346 45 77 10 478 82 (78 - 86) 80.3 (79.1 - 81.5)
N Al Batinah 406 114 14 4 538 97 (95 - 98) 80.6 (79.3 - 82.0)
N. Sharqiyah 151 35 16 4 206 90 (86 - 95) 79.3 (77.5 - 81.3)
S Al Batinah 229 55 27 6 317 90 (86 - 93) 81.5(80.0 - 83.2)
S. Sharqiyah 135 28 17 4 184 89 (84 - 94) 86.3 (84.1 - 88.4)
Total 1,907 501 236 62 2,706 89 (88 - 90) 80.0 (79.5 - 80.4)
^ Total deaths less than 100 cases per year.
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3.5. Discussion
The findings of this study demonstrate that reporting of deaths in the birth and death
notification system in Oman is near complete. This is a reassuring result in terms of the
overall quality of death registration in the country. While about 90% of all deaths were
recorded in the birth and death notification dataset, the rate of completeness for deaths
below 15 years was somewhat lower, at about 70%. Under-reporting of deaths in the
childhood age group directly impacts age-specific death rates, such the under-five mortality
rate, and this considerably lowers the estimate of life expectancy at birth. Conversely
reporting of mortality in adults was very high across all adult age groups with less than
10% out of total adjusted number of deaths being missed at registration.
The findings of this empirical study showed some variation in the completeness rate of
death registration in some governorates. The completeness rates in governorates located on
the borders of the country such as Musandam (83% for males, and 67% for females) and
in Al-Buraymi (81% for males and 84% for females) were relatively low and this is a matter
of concern. These lower completeness rates can be explained by the fact that there were a
relatively high number of deaths captured by the birth and death notification system that
could not be matched with the 2010 census dataset in these governorates. The high rate of
unmatched records could be caused by two reasons. Firstly, some deaths among people
residing in the governorates located on the boarders with other countries might have
occurred in health institutions located outside the borders of Oman. There is a high chance
that these deaths would not be included in the birth and death notification system dataset
due to the delay in the reporting of the death to the Directorate General of Civil Services
from the Omani missions in those countries, and consequent delay of reporting to the birth
and death notification system at the Ministry of Health. Secondly, deaths may remain
unmatched due to differences in the address of deceased between data sources (census and
birth and death notification system). The address documented on the national identity card
is the permanent address. For example, if the deceased migrated to Muscat from Dhofar
governorate, the official address of that case will be Dhofar, although he is residing in
Muscat. At the same time, the census data set counts people according to their current
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address. Therefore, the regional estimates of completeness could be biased if the place of
death registration differs from the place of usual residence.
The lowest estimated numbers of deaths were from the Al Wosta, Al Buraymi, and
Musandam governorates. All three governorates were estimated to have about 120 deaths
or less each year. These three regions have the smallest populations, and therefore the
numbers of deaths were also small. These small numbers result in considerable uncertainty
in the summary measures, such as risk of adult mortality as well as life expectancy at birth,
as seen in Table 21. For governorates with such small populations, it might be more useful
to combine the data for longer time period (three successive years or more) in order to
estimate more plausible measures of completeness of death registration.
The capture-recapture method is a valuable technique for assessing and correcting
mortality data, which can then be used to report completeness. It has been used in this study
to provide a good understanding of mortality estimates derived from a system generally
recognized to be of reasonable quality [70, 88, 89]. While not an entirely new application
of capture-recapture analysis, the method has potential to significantly improve my
understanding of mortality in settings where all available incomplete datasets are available.
In other word, it is possible for researchers to develop a strong understanding of system
processes in order to make sensible decisions matching criteria.
The findings from the study using the direct method of estimating the completeness of
death registration (capture-recapture) can be compared with the use of indirect methods
(described in Chapter two). When the capture-recapture method was used, the
completeness of death registration was much higher than when the indirect Preston Coale
method was used to derive an estimate (90% compared with 67%). The Brass growth
balance technique (also an indirect method) consistently estimated completeness at very
high levels (95%) in 2010.
Using the capture-recapture method provided completeness rates of death registration
across different age groups. Therefore, the study gives a more reliable analysis of the
completeness of the death registration system in Oman. This research found that reporting
of deaths is least complete in the childhood age groups; improvement interventions are
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needed to address this. There are several reasons that could explain the high level of under-
reporting of childhood deaths: (i) lack of incentives or penalties that might motivate
citizens to register their child’s death,  (ii) lack of awareness regarding the obligation to
register, (iii) the complicated registration process (especially for home deaths) which
requires the relative to report the death to the community leader and then visit the Director
General of Civil Services to complete the registration, and (iv) the civil status law
requirements relating to early neonatal deaths (0- 7 days). The parent is required to extract
birth and death certificates at the same time even if the child did not survive for hours; such
practices discourage the family from doing so.
As explained in the methodology section of this chapter, capture-recapture analysis
requires that the record sources capture deaths from the same population, the population is
closed, and that every death has the same probability of being reported [70, 88-90].
Analyses using this methodology are also influenced by the dependence between the data
sources; independence is required for an accurate result from a two-source analysis. These
conditions, however, are rarely fully met with human populations. Therefore it is important
to have a solid understanding of the reporting systems in order to assess the magnitude of
any dependence. Independence between the two data sources used in this study (the birth
and death notification system and the census) was met. This is due to the different data
collection pathways. Data generated from medical records in health institutions are used to
generate the death notification (1st source), and the mortality module of the 2010 census
was used to recall the deaths occurring in each household (2nd source). Hence the
probability of a death being captured in the birth and death notification system is
independent of the probability of it being recaptured in the 2010 census.
Limitations of the data sets
1- Missing data/errors in some of the key matching variables, such as date of birth and
address in the birth and death notification system.
2- Slight differences in some variables, particularly in the census, (e.g. date of death,
date of birth). These differences are probably due to recall bias where the relative
is required to recall details of the deceased. In this regard, Appendix L presents the
age misstatement between 2010-Census dataset and Birth and Death Notifications
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System (BDNS) dataset. It shows the age misstatement increases with age. Such
increase can be explained by lack of date specific birth registration before and early
1970s.
3- The name of the deceased is missing in the census data set (this has been resolved
as described previously in the matching process)
The matching criteria was set to tackle the above issues carefully, with gradual increase of
margin of variation in the key variables such as age, sex, address; Also, by attempting to
complete the missing information in the individual notifications.
Despite the above limitations, the study has some strength; one strength is its maximal
coverage of all deaths that occurred in 2010 in the country among nationals. Other studies
have conducted matching exercises using only samples. Five main examples of these
studies are: (i) a capture-recapture analysis of all-cause mortality data in Bohol,
Philippines, 2011 [77], (ii) an investigation of under-registration of deaths in Thailand,
2005–2006 [78], (iii) an assessment of mortality trends in Tonga based on a synthesis of
local data [81], (iv) the use of mortality measures from sample-based surveillance to assess
evidence of the epidemiological transition in Vietnam [79] and, (v) an investigation of
mortality registration and surveillance in China [76]. Because this study had maximal
coverage of deaths in 2010 in Oman, we can be confident in the generalizability of using
such completeness measures to revise life tables for Oman. Also, the study relied mainly
on manual cross matching of data from both sources, the manual matching helps in order
to check carefully each variable including possible variation in spelling of names and
address etc. Moreover, in order to ensure the correctness of data in the birth and death
notification system data set, cases where variables were missing or wrong were returned
back to the field and corrected directly from medical records in the reported health
institutions. Another strength of the study was the fact that estimates of completeness for
death reporting were made for different subgroups of the population, such as age groups,
sex, and geographic location.
Overall, the findings of this study provide evidence of how important it is to have high
quality mortality data in Oman. The birth and death registration system needs to be
improved in many areas, such as maintaining complete and correct data attention needs to
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be paid to training handlers of the system across all levels; from the peripheral level to the
central.
3.6 Conclusion
Capture-recapture techniques have been used in this study to assess completeness of death
registration in Oman. The extracted rates of completeness can also be used as correction
factors to estimate and improve the accuracy of mortality statistics in the country’s death
notification system.
Using the birth and death notification system and 2010 census databases for matching has
given a certain degree of strength. It provides some reliability of the results.
In Oman, the overall completeness of reporting of deaths in 2010 was around 89% for
males and 90% for females. The percentage varied by age groups and governorates.
Corrected age-sex-governorates number of deaths can be used as a baseline to calculate
various mortality estimates. For example, the newly adjusted age-sex-governorates have
been used to construct life tables of Oman.
Life expectancy at birth estimates that have been calculated for national and sub-national
level have shown slight differences among governorates. Lower populated governorates
(governorates that are less than fifty thousand population and less than hundred deaths a
year) have shown unreliable life tables.
In order to revise the mortality estimates for a country, overall mortality estimates have to
be adjusted first, followed by an assessment of the quality of data captured of different
characteristics of the deceased, such as age, sex, and causes of death. For the context of
Oman,  the study in this chapter has given some adjustment of the overall deaths by age
and sex. The next chapter (Chapter four) will highlight the second component of mortality
estimates for Oman: an in-depth review of causes of death.
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Chapter Four
Assessing the quality of cause of death
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Chapter four: Assessing the quality of cause of death
4.1 Introduction
Oman is rated in a group of countries with unsatisfactory levels of death registration in
terms of completeness and quality of cause of death data [6, 20]. The availability of data
sets on cause of death for recent years provides an opportunity to investigate these
important issues (completeness and quality) in a scientific and epidemiological manner and
at reasonable cost. These issues have not been investigated in detail using empirical
research methods.
Despite the potential value of data on causes of death, the poor quality of the data, and
limited technical capacity in developing countries, means that such data are not commonly
available to policy decision makers. This situation is common in other developing
countries. The literature draws specific attention to the lack of information on causes of
death in many developing countries, as well as the urgent need for redressing the situation
[29, 66-68].
As detailed in chapter two, mortality statistics in Oman are currently under development.
The Oman birth and death notification system, operated by the Ministry of Health since
2004, is the main source of mortality data in Oman. The birth and death notification system
has not yet been assessed for data quality in regards to causes of death. In a World Health
Organization comparative analysis, Oman has been rated as having unsatisfactory levels of
death registration and low-quality cause of death information [91, 92]. The previous
chapter explored in detail the actual level of under-reporting of deaths, and used the
findings to arrive at best estimates of mortality levels in Oman. Building on that effort, this
chapter describes a detailed study undertaken to assess the validity of causes of death
reported at registration, and the observed patterns of misclassification between specific
causes of death. The findings from this study are useful from two perspectives: firstly to
develop reliable estimates of cause-specific mortality patterns in the country, and secondly
to plan interventions to improve the quality of cause of death reporting.
91
4.2 Background
As explained in chapter two, civil status law states that it is the responsibility of relatives
to report on births and deaths to the registration authority. In addition, health institutions
are also directed to report births and deaths that occur within facilities. The law delegated
the responsibility for designing the birth and death notification forms to the Ministry of
Health. As shown in Figure 13, the Omani death notification form has three lines for
recording causes of death: the direct cause of death, the underlying cause of death, and
other contributory diseases. However, part I of the standard form recommended by World
Health Organization, specifies that the full sequence of conditions that lead to the death
(up to four conditions) have to be listed. In addition, all contributory conditions should be
listed in a separate section (Part II) of the death notification form (see Figure 13). These
differences between the formats of the death certificates have implications for the
certification, selection, and coding of underlying causes of death, and subsequently affect
the overall quality of cause of death data.
In terms of the process of death notification, all physicians in Oman are provided with basic
training brief documents on certifying causes of death. Certifying physicians complete the
death notification form, and assign ICD-10 codes for each cause listed on the form. In
actual practice, there are several inconsistencies in the quality of causes of death reporting,
owing to a lack of knowledge or attention to completing this requirement. In some
instances, particularly in cases where the deceased is brought in dead (dead on arrival),
certifying physicians do not enter any information on the cause of death, or only write
‘brought dead’. This also affects the overall quality of data. Further, certifying physician
are not trained in using the ICD-10 rules for selection of underlying causes of death, which
results in many primary data errors.
After the death has been coded, the data on the death notification form (including text
listing diagnoses and ICD-10 codes) are entered into the electronic death notification
database, which is compiled from all institutions and governorates by the health statistics
division in the Ministry of Health. Once this data is collated, the Ministry of Health
database should include detailed information on causes of death along with ICD-10 codes
for each notified death. This is valuable information for health managers and decision
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makers. In terms of statistical analysis, even up to 2010, the Ministry of Health death
notification database was only used to produce a report on overall deaths by nationality,
sex, and governorates. No analyses had been undertaken on reported causes of death, for
example, to produce the leading causes of death.
As a first step in this research, all data in the Ministry of Health death notification database
were reviewed to understand the basic quality of data. Table 22 provides basic statistics on
the quality of data on causes of death in the death notification database for Oman. Although
the overall data quality is improving, about 10% of all deaths in Oman in 2010 still have
no cause of death listed on the death certificate. Further, about 30% have only direct causes
listed, and only 60% of deaths have detailed listings of multiple causes along with a
mention of underlying causes.
Table 22 Trends in level of detail on causes of death recorded for individual deaths in
Oman, 2005-2010
2005 2006 2007 2008 2009 2010
Total registered  deaths 5,225 5,630 6,216 6,713 7,141 7,038
Total of Omani deaths 4,567 4,971 5,438 5,746 6,101 6,036
Records missing all causes of death (%) 18.1 17.1 16.8 17.6 17.8 10.1
Records with only direct cause of death (%) 42.1 43.7 40.3 37.0 30.0 29.3
Records with underlying cause of death (%) 39.8 39.2 42.9 45.4 52.2 60.6
The World Health Organization prescribes basic primary tabulations of causes of death
according to underlying causes of death [53]. However, on more detailed scrutiny of the
conditions listed as causes of death, it was noticed that 25 of the underlying causes were
actually represented by ill-defined conditions, or conditions that should not be listed as
underlying causes (e.g. injuries with no external causes, indications for clinic attendance
etc). Also, in several instances, discrepancies were noted in the causes listed for individual
deaths (e.g. listing of direct cause as underlying cause, and vice versa).
Based on this initial assessment, it was apparent that any attempt to analyse leading
underlying causes of death from these data (as per World Health Organization
recommendations) would require careful review and correction of the data to ensure
accurate representation of underlying causes of death. Following an intensive two-week
course on ICD-10 coding and classification with a specific focus on mortality coding,
organised by the Omani Ministry of Health in 1997. An initial review and adjustment of
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the data for the years 2009 and 2010 was carried out. The following criteria, in accordance
with the ICD-10 rules for selection of underlying causes of death, have been applied:
1) For cases with only a direct cause listed, this direct cause was nominated as the
underlying cause of death.
2) For cases with multiple causes of death, ICD-10 coding rules were applied to select
the appropriate underlying cause of death. These ICD-10 rules include the general
principle, selection rules 1-3, and modification rules A-F [53].
3) All deaths with no assigned cause were kept unchanged.
Table 24 shows summary statistics of the changes resulting from the application of World
Health Organization standards of mortality certification and coding. The table shows that
29% of total deaths had a missing underlying cause of death, and as per the criteria
mentioned above, the direct cause was nominated as the underlying cause. For deaths with
multiple causes (60.5%), applying World Health Organization Standards of mortality
coding resulted in changes in underlying causes for 43% of records. These changes were
largely driven by the following situations:
1) For deaths from injuries where the direct cause listed was the external cause (e.g.
road traffic accident) and the underlying cause listed was the body part injured in
the accident (e.g. head injury), the listed underlying cause was interchanged with
the listed direct cause.
2) For deaths from medical causes where the direct cause mentioned the specific
disease or condition (e.g. ischaemic heart disease or lung cancer) and the underlying
cause mentioned the complication (e.g. heart failure or septicaemia), the listed
underlying cause was interchanged with the listed direct cause.
3) In cases where ischaemic heart disease or stroke was listed as the direct cause and
hypertension listed as the underlying cause, the ICD-10 modification rule of
‘linkage’ was applied to select the cardiovascular condition as the underlying cause.
4) In cases of early neonatal deaths (occurring within 7 days of birth) where the direct
cause specified was a condition originating in the perinatal period (e.g. prematurity)
and the underlying cause was listed as a complication (e.g. sepsis of the new-born),
the direct cause was interchanged with the underlying cause.
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5) In a small number of cases, the underlying cause of death assigned was not suitable
to be selected as a cause of death (e.g.  the group of factors influencing health status,
and contact with health services; Z-codes or chapter 21 of ICD-10). In such cases,
the direct cause was selected as the underlying cause of death.
Overall, about 10% of records had no cause of death listed at all. Table 23 gives an
indication for further action to be taken toward improving the quality of cause of death
reporting in Oman.
Table 23 Summary statistics of reported cases in the birth and death notification system,
Oman, 2010
a) Summary statistics of the cause of death database
Number Percentage
No causes at all 634 10.5
Records with direct cause only 1,747 29.0
Records with direct  and other contributory causes only 5 0.1
Records with underlying and other contributory causes only 2 0.0
Records with underlying cause only 5 0.1
Records with direct  and underlying causes, but  without  other contributory
causes
1,236 20.5
Records with direct underlying and other contributory causes 2,407 40.0
Total 6,036
b) Summary statistics of reviewed record based on applying WHO rules of mortality coding
Number Percentage
Underlying Cause of death not changed after review 2,801 46.5
Underlying cause of death corrected  via interchange with direct cause 2,188 36.4
Underlying cause of death corrected via interchange with other contributory
causes
413 6.9
No causes at all 634 10.5
Total 6,036
After these corrections, the data on underlying causes were coded to ICD-10 three-
character codes and subsequently aggregated according to the World Health Organization
mortality tabulation list 1 (general mortality, condensed list) for ease in statistical analysis
and interpretation. The World Health Organization mortality tabulation list 1 is an
international standard list of ICD-10 codes consisting of 103 causes of death [93]. The full
range of ICD-10 three-character categories is condensed into a manageable number of
items (groups) for publication and comparisons purposes. All subsequent descriptive
tabulations and analyses are presented at this level of aggregation.
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Table 24 Top  20 causes of death ranked according to underlying causes of death groups,
2010, Oman (revised data).
Rank Cause of deaths^
Proportion
1 Symptoms and ill-defined conditions 22.3
2 No cause 9.9
3 Transport accidents 6.6
4 Other heart diseases 6.4
5 Hypertensive diseases 5.3
6 Ischaemic heart diseases 5.0
7 Diabetes mellitus 4.7
8 Perinatal conditions 3.7
9 Congenital malformations 2.9
10 Cerebrovascular diseases 2.8
11 Pneumonia 2.8
12 Other diseases of the respiratory system 2.5
13 Other genitourinary diseases 2.4
14 Septicaemia 2.3
15 Other malignant neoplasms 1.6
16 Other endocrine, metabolic, and nutritional diseases 1.2
17 Diseases of the liver 1.1
18 Other diseases of the digestive system 0.9
19 Trachea, bronchus and lung cancer 0.8
20 Chronic lower respiratory diseases 0.8
Other causes 13.0
Total deaths (Omani) 6,036 deaths
^ Causes of death were categorized as per World Health Organization basic tabulation list of mortality [53] (see Appendix C)
Table 24 provides the baseline evidence on the leading causes of death in Oman in 2010.
This thorough review and careful amendment of the underlying causes of death according
to ICD-10 rules has enabled the first ever rank order of major causes of death in Oman.,
such as transport accidents, ischaemic heart disease, stroke, diabetes, and perinatal
conditions However, the significant numbers of deaths coded to symptoms and ill-defined
conditions, missing causes, and other vague conditions such as cardiac arrest and heart
failure (a total of about 40% of all deaths) limits an accurate assessment of the actual
magnitude (and possibly rank order) of these leading causes of death. Moreover, causes of
deaths coded to modes of dying, such as respiratory failure or terminal conditions that are
potentially not underlying causes, such as septicaemia and pneumonia, limit the use of
cause of death data for population health purposes such as public health planning, policy
making, and programme development. On further examination of the data, it was noted
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that such causes were recorded even for deaths that occurred in health institutions. This
indicates that there are some limitations in the existing practice whereby attending
physicians record the causes of death in notification forms. Alternatively, there may be
limitations in the way in which the data on these forms was being captured in the electronic
database.
The methods and findings from this initial review and analysis of data on causes of death
as listed in the birth and death notification system database represent an important first step
in understanding cause-specific mortality patterns in Oman. Despite the relatively poor
quality of cause attribution during the process of death notification, it is very likely that the
medical records for each case would contain detailed clinical histories and medical
diagnoses that could inform the sequence of events leading to death.
This has been proven through a rapid assessment of a random sample of medical records
from different health institutions. In Oman, almost all citizens have very good access to
health care, and moreover, the quality of medical records is assumed to be at an acceptable
level[94]. While a significant number of deaths do occur at home, on account of cultural
practices, there is a high probability of being able to trace medical records for such deaths.
This is also facilitated by the computerisation of health records in Oman and an efficient
record archival and retrieval system.
In order to improve the specification of cause of deaths registered with ill-defined
conditions, an in-depth analysis of deaths registered without a cause was planned.
Subsequent to this, I planned to quantify and correct the likely misclassification of causes
of death in the birth and death notification system. This chapter presents a full explanation
of this review of each death notification based on direct access to individual medical
records.
4.3 Study aims and objectives
Three main objectives were pursued with the purpose of deriving plausible estimates of
causes of death patterns for the Omani population using the birth and death notification
system:
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1. To ascertain causes of death for deaths registered without a cause.
2. To improve the specification of cause for deaths registered with ill-defined
conditions.
3. To quantify and correct likely misclassifications of cause of death in the birth and
death notification system.
The proposed study draws on a data set made available by Department of Health
Information and Statistics with about 50,000 deaths that occurred nationally from 5 May
2004 to 31 December 2011. Only those Omani deaths pertaining to the 2010 census period
(13 December 2009 to 12 December 2010) were extracted for this study.
(a) (b)
Figure 13 Comparison between the cause of death form in (a) medical certificate of death in Oman and (b) World Health Organization standard
format.
4.4 Study setting and data sources
4.4.1 Study Population
The cause of death validation study was conducted in health institutions managed by Ministry
of Health and other governmental health institutions. The deaths reported by these institutions
cover 99.9% of total deaths registered in the country. Table 25 shows the distribution of deaths
by reported institutions in 2010. Total Omani deaths that occurred either in regional hospitals
or wilayat hospitals accounted for 49.2% of total deaths reported in 2010. The total number of
deaths that were reported as dead on arrival or brought in dead accounted for more than 40%
of total deaths. This study will attempt to investigate all Omani deaths that are reported by
Ministry of Health and other governmental health institutions.
Table 25 Total deaths captured in the birth and death notification system in 2010
Reported Institution by sector Omani Non-Omani Total
MOH health institution 5,384 926 6,288
Extended health centre 448 87 535
MOH health centre 355 51 406
MOH local hospital 375 71 424
MOH regional hospital 3,684 676 4,360
MOH wilayat hospital 522 41 563
Private health institution 4 21 25
Non MOH hospitals 648 74 722
Armed forces hospital 165 17 182
Sultan Qaboos University Hospital 483 57 540
Total 6,036 1,021 7,057
4.4.3 Data collection
Causes of death were investigated through an in-depth review of the medical records of the
deceased. For deaths that occurred in the hospital, medical records were reviewed by death
certifiers and coders to assign the direct and underlying cause of death. Relevant details,
including the clinical history, physician notes, 48 hour death report, and investigations, were
extracted and collected in an electronic format from the Health Information Management
System (HIMS or ALSHIFA). The ALSHIFA is a fully integrated application system for
hospital management. It integrates patient data flow and creates a paperless environment to
enhance the quality of service and reduce the amount of time spent on completing paperwork.
It is implemented in most health institutions in the various provinces of the sultanate. For dead
on arrival and brought in dead cases, medical records were retrieved from the ALSHIFA where
there was a previous record available. If no previous record was available in the reported health
institution, the medical records at the mother primary health care institution were retrieved and
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the medical history of the case was reviewed electronically for the computerized and linked
institutions.
Figure 14 Flow chart of the data collection process
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Figure 14 summarises the major steps in the data collection processes.
1. A dataset containing all deaths that occurred among the Omani population in 2010 were
generated from the birth and death notification system.
2. A dataset for each regional and wilayat hospital was generated from the dataset created
in step 1. Each new dataset includes the following variables: registration number, first
name, last name, residence (governorate, wilayat and village), place of death (hospital,
brought in dead), age, and sex. A study ID was assigned to each record.
3. A cause of death dataset for all regional and wilayat hospitals was generated from the
dataset created in step 1. This dataset includes the following variables: underlying cause
of death, direct cause of death, and other associated causes of death. The study ID was
used as an identification key.
4. The data collection form was obtained from the deceased’s medical records and from
forty-eight hours reports. Reviewers, physicians from different health institutions, were
blinded to the probable cause of death before being given the form. Field and office
activities were assigned to a research team for the study of cause of death validation. All
members of the field research team participated in a one-day intensive training course
on the study, their role, and the terms of reference. The training covered different aspects
of the field work study, such as a general overview on the study including its objectives,
methodology, and time frame. The training focused on medical certification of causes of
death as per World Health Organization standards for physicians and the mortality ICD-
10 coding for medical coders (medical records specialists). At the end of the training,
cases studies were retrieved from the system and trainees were requested to code the
death as per available information in medical records of deceased. The trainees were
able to reassign the correct underlying cause of death for the most of the cases. Team
members included:
 Statisticians working for the birth and death notification system in the Department
of Health Information and Statistics at the Ministry of Health (5 statisticians).
 Medical records staff from the medical records departments of regional and wilayat
hospitals (13 medical records staff).
 Physicians from regional and wilayat hospitals who are responsible for medical
certification of death (28 physicians).
 Data entry staff working for the birth and death notification system and the
Department of Health Information and Statistics (3 data entry staff).
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 Information technology support staff from the information technology department
in the Ministry of Health (1 programmer).
5. The ICD-10 certificate of death recommended by the World Health Organization was
used to allow reviewers to investigate the causes of death according to standard
certification of death. Reviewers completed a special form designed to match the ICD-
10 certificate of death recommended by the World Health Organization (see Appendix
D).
6. Coders assigned ICD-10 codes for the causes assigned by the physicians. Data were
entered by data entry staff and saved in a file called RESULTS.
7. Data files were extracted from the birth and death notification system database.
Extracted data included: first name, last name, residence (governorate, wilayat, and
village), place of death (hospital, brought in dead), age, and sex. This dataset was used
to map these variables with cause of death file.
8. Linkage of files that were created in steps 3, 6 and 7 was completed. The new dataset
was used by the investigator to analyse and interpret causes of death analysis.
4.5 Training and preparation
Physicians and medical records supervisors (only coders) from the Ministry of Health
conducted two workshops on December 8, 2012 and January 20, 2013. The topics of
the workshops were ‘cause of death and death notification’ and ‘certifying cause of
death as per World Health Organization format’. The mode of study was also discussed.
Nominated physicians from governorate hospitals who had attended both the workshops
and medical record supervisors (coders) who specialized in ICD-10 coding and had
attended the second workshop were given details about the study to be carried out from
February 2013 to May 2013.
In order to eliminate bias in the study, and to ensure reliability of the findings, cause of
death details of each death were extracted by trained medical records staff at health
institutions using a standardised data extraction form. Data extractors received training
on the processes of completing the form based on information provided in the medical
record of the deceased, with regular reviews of the completed data extraction forms
conducted throughout the studies. An example of the data form and instructions for
interviewers developed for the Oman medical review is provided in Appendix E. Data
entry commenced after the data entry database has been created and data entry staff had
been assigned and trained and finished in November 2013.
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After data entry had been completed, the datasets were reviewed and underlying causes
of death categorized according to the 103 categories in the World Health Organization’s
tabulation list of mortality (see Appendix C). Mapping, grouping, and compilation of
underlying causes of deaths from ICD-10 codes were done by the primary investigator
(PhD candidate).
4.6 Constraints
There were several constraints that originated during or prior to the field work phase of
the medical records review. This section summarizes these constraints and the actions
taken to overcome them.
A few physicians who were nominated to attend the workshop did not attend. Hence a
set of new physicians was nominated and subsequently received training. The entire
team of physicians from Sohar hospital who attended both workshops withdrew from
the study. A new group of physicians was nominated and the staff from the Department
of Health Information and Statistics visited Sohar hospital to train the new physicians
and medical records staff on the research methodology. These new staff only agreed to
take care of deaths reported in Sohar hospital and expressed their inability to study the
deaths reported from other institutions in the governorate of North Batinah. Hence, the
central research team at the Department of Health Information and Statistics visited all
wilayats in the North Batinah governorate. The medical officer in charge from these
wilayats nominated a physician to conduct the field work for the study. Nominated
physicians from each wilayat were given in-house training by the staff from Department
of Health Information and Statistics in May 2013. The forms received from these
institutions in the North Batinah Governorate were not coded; hence the medical records
staff of Royal Hospital and Khawlah Hospitals were involved in the coding.
There was some delay in nominating a physician from the Ad Dhahirah governorate as
the physicians who were initially nominated withdrew from the study. The physician
who was subsequently nominated was trained in the office of the Department of Health
Information and Statistics in April 2013. Since no qualified medical records coder was
available, medical records staff from Royal and Khawlah hospitals completed the
coding forms for that governorate. Unexpected floods in Ad Dhahirah governorate
meant that collection of the coding forms was further delayed.
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There were also some unexpected administrative issues in the AdDakhilya governorate.
Firstly, the person responsible for the medical records at AdDakhilyah, who had
completed almost 60% of the coding for study subjects, had to go on leave
unexpectedly. Hence work was suspended for about two months. During this time,
health information supervisors were asked to generate the records in preparation for the
return of the staff member. Also, one of the physicians involved in the study retired in
July 2013, and the remaining records in the AdDakhilyah governorate were reviewed
by another physician who was also part of the study.
Major problems occurred in the Sultan Qaboos University and Armed Forces Medical
Services hospitals. It took more than three months to identify suitable physicians. These
two institutions requested the physicians of the respective department to certify the
cause of death as per the study protocol; hence there were group of physicians were
trained on the study protocol and their role and accordingly they certified the reported
deaths in these two institutions. Another major issue was that there were no qualified
medical coders at these hospitals. The medical records specialists at the Royal and
Khawlah hospitals helped to complete the coding process.
A sub-sample of completed coding forms were validated by the most senior medical
records specialist at Royal Hospital. Agreement between the ICD-10 codes that had
been assigned by the research team and the ICD-10 codes assigned by the medical
records specialist was high.
Some forms from specific health institutions were lost or unable to be obtained. About
500 forms were not reviewed and were omitted from the study. The effect of lost records
on the distribution of causes of death across all mortality groups was negligible. These
obstacles resulted in a four-month delay   in the data collection phase. Data collection
processes were completed in November 2013.
4.7 Data analysis
Underlying causes of death from each source (the birth and death notification system and
medical records review) were aggregated, as per the World Health Organization mortality
tabulation list 1, for validation analysis by cause, sensitivity, positive predictive value and the
change in cause-specific mortality fraction rate. For each cause category in the World Health
Organization mortality tabulation list 1, the analyses were conducted for different levels,
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including national, sub-national, age, and sex. Also, further analysis was carried out for certain
three-character ICD-10 codes to evaluate the rate of change for specific causes likely to be need
further investigation (e.g. neoplasms, pneumonia).
4.8 Results
An initial assessment was conducted to measure the level of representativeness of the study
sample in terms of distribution by age, sex, and cause. About 12% of the total cases were lost
to follow-up, so a comparison between the distribution of death notifications that were eligible
for the study and actual records reviewed as per their medical records was carried out. Figure
15 presents the relationship between the codes for underlying causes of death (mortality
tabulation list 1) for both groups (R2=0.88). The graph clearly shows that missing records had
little effect on the overall distribution of the causes of deaths per the birth and death notification
system. It was also noted that there are two main outliers in the diagram: ill-defined conditions
and deaths recorded with no cause in the birth and death notification system. Both groups are
considered as ill-defined and they are distributed across all institutions. The majority of ill-
defined conditions and unknown causes of death relate to home deaths or cases that were dead
on arrival. There may have been some difficulties in retrieving the medical histories of deceased
from their parent health institution at the time of death, especially if there was no medical record
for the deceased in the institution that received the case. The graph suggests that the revised
medical records are within an acceptable range, and unobtainable records that were unable to
be reviewed due to administrative or technical reasons will not affect the findings.
106
Figure 15 Scatter diagram for cause of death study proportion by mortality tabulation list 1
(reviewed records = 5,309 vs. all Records = 6,036)
Table 26 presents the age and sex distribution of all Omani deaths in 2010 both in the birth
and death notification system and for cases reviewed in medical records in health institutions.
There are no major distortions by sex or across age groups. The analysis suggests that the
representation of the all Omani deaths in the birth and death notification system is within an
acceptable level.
Table 26 Broad age-sex distribution of all Omani deaths (in %) according to the birth and death
notification system and medical records reviewed in the study, Oman, 2010.
Males Females
Death notification
(%)
Reviewed
records (%)
Death notification
(%)
Reviewed records
(%)
<1 year 8.7 9.0 10.9 11.1
1-4 2.5 2.4 2.7 2.6
5-14 2.2 2.1 2.5 2.4
15-24 7.1 7.2 3.5 3.4
25-49 14.2 14.0 9.0 8.8
50-64 18.9 19.1 17.7 17.8
65-74 22.8 22.7 24.9 25.6
>75 22.8 23.1 27.2 27.3
Total (100)* 3,585* 3,194 2,365* 2,115
* Excluding 40 male and 29 female deaths for which age could not be verified
Table 27 gives an assessment at the population level of the validation, features, and implications
of misclassification for the leading causes of deaths as reported in the birth and death
notification system. This assessment clearly shows the impact of more accurate assignment of
cause of death data as a result of triangulation with medical records. Reassignment of deaths
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has relocated those from ill-defined conditions and non-specific of causes of death, such as
septicaemia and ill-defined conditions, to specific causes as per the medical records review.
Table 27 shows that prior to checking against medical records, septicaemia, ill-defined
conditions, and non-existent causes of death accounted for almost 37% of total deaths in the
birth and death notification system. Following the review, these causes account for 10% of total
deaths reviewed. Almost all cases where the cause was defined as ‘other’, and residual groups
for major disease and injury categories, declined substantially after the medical records review.
The reassignment of deaths from these non-specific categories through medical records review
resulted in an increase in the relative importance of conditions such as ischaemic heart diseases
(from 4.1% to 12.3%), cerebrovascular diseases (from 3.2% to 11.1%), transport accidents
(from 6.3% to 10.3%) and congenital malformations (from 2.8% to 3.2%). Moreover, stomach
cancer and lung cancer are now among the top 25 causes of deaths. In addition to these leading
causes, the 788 deaths initially classified as ‘other causes’ include deaths from several specific
causes (82 deaths from cancers arising in sites other than stomach and lung and 57 deaths from
falls and assault). It is also important to note that the medical record review identified 15 deaths
from HIV/AIDS.
Given the high proportions of deaths from ill-defined conditions, or deaths with no cause prior
to the study, it is not surprising that Table 27 shows low sensitivity scores for most causes of
death. This is due to the high reassignment rate of causes from nonspecific categories to specific
categories, and from no cause of death to a specific cause of death. The highest scores for
sensitivity are observed for congenital malformations, perinatal conditions, and transport
accidents, all of which are more readily defined at the time of death notification. Conversely,
positive predictive values (PPV) are more indicative of the validity of cause of death in the
birth and death notification system. For several important conditions, such as ischaemic heart
disease, cerebrovascular disease, lung cancer, and transport accidents, the medical record
review identified higher positive predictive values for these conditions compared to the
sensitivity scores. This indicates that where certifiers identified these conditions as the
underlying cause, there was a reasonably high chance (≈ 60%) that the death had actually
occurred from that cause. For causes where the positive predictive value is high, this analysis
provides a degree of assurance in cause of death certification and coding. Nevertheless, the
degree of misclassification underlying the poor scores of validity raises concerns about the
quality of data for individual deaths. Therefore it is crucial to gain an in-depth understanding
in these misclassification patterns in the birth and death notification system, and to suggest
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interventions to rectify such abnormalities in the data. In addition, the medical records review
suggests high changes in the cause-specific mortality fraction (CSMF) for many leading causes
of deaths. For example, ischemic heart disease and cerebrovascular diseases increased by three
times after the medical records review.
Table 27 Validation characteristics for deaths in Oman, 2010
Medical records review
MTL1 Cause As in
BDNS
*
Pre review
CSMF^
(%)
Matched Assigned
to other
causes
Assigned
from other
causes
Final Post
review
CSMF (%)
Sensitivity
(95% CI)
Positive
predictive
value (95%
CI)
Change in
CSMF (%)
94 Symptoms and ill-defined conditions 1,187 22.4 308 879 203 511 9.6 60.3 (57, 63) 26.0 (23, 28) -57.0
52 Diabetes mellitus 370 7.0 99 271 226 325 6.1 30.5 (26, 35) 26.8 (22, 31) -12.2
96 Transport accidents 333 6.3 261 72 288 549 10.3 47.5 (42, 53) 78.4 (74, 83) 64.9
68 Other heart diseases 332 6.3 51 281 253 304 5.7 16.8 (13, 21) 15.4 (11, 19) -8.4
67 Ischaemic heart diseases 219 4.1 93 126 561 654 12.3 14.2 (10, 19) 42.5 (36, 49) 194.5
12 Septicaemia 209 3.9 12 197 47 59 1.1 20.3 (15, 26) 5.7 (3, 9) -71.8
92 Perinatal conditions 191 3.6 105 86 71 176 3.3 59.7 (53, 67) 55.0 (48, 62) -7.9
66 Hypertensive diseases 178 3.4 7 171 56 63 1.2 11.1 (6, 16) 3.9 (1, 7) -64.6
69 Cerebrovascular diseases 169 3.2 77 92 512 589 11.1 13.1 (8, 19) 45.6 (38, 53) 234.9
93 Congenital malformations 148 2.8 82 66 88 170 3.2 48.2 (40, 56) 55.4 (47, 63) 14.9
77 Other dis of the respiratory system 124 2.3 18 106 90 108 2.0 16.7 (10, 23) 15.4 (8, 21) -12.9
74 Pneumonia 120 2.3 34 86 138 172 3.2 19.8 (13, 27) 28.3 (20, 36) 43.3
86 Other genitourinary diseases 104 2.0 17 87 117 134 2.5 12.7 (6, 19) 16.4 (9, 23) 28.8
61 Other diseases of the nervous system 59 1.1 8 51 84 92 1.7 8.7 (2, 16) 13.6 (5, 22) 55.9
80 Diseases of the liver 56 1.1 18 38 59 77 1. 5 23.4 (12, 34) 32.1 (20, 44) 37.5
43 Non-Hodgkin's lymphoma 54 1.0 6 48 18 24 0. 5 25.0 (13, 37) 11.1 (3, 19) -55.6
71 Other dis. of the circulatory system 52 1.0 2 50 31 33 0.6 6.0 (0, 13) 3.9 (0, 9) -36.5
81 Other dis. of the digestive system 49 0.9 18 31 42 60 1.1 30.0 (17, 43) 36.7 (23, 50) 22.4
54 Other endocrine, metabolic dis. 47 0.9 2 45 45 47 0.9 4.3 (0, 10) 4.3 (0, 10) 0.0
29 Stomach cancer 39 0.7 20 19 43 63 1.2 31.8 (17, 46) 51.3 (36, 67) 61.5
76 Chronic lower respiratory diseases 38 0.7 11 27 80 91 1.7 12.1 (2, 22) 29.0 (15, 43) 139.5
34 Trachea, bronchus and lung cancer 37 0.7 22 15 36 58 1.1 37.9 (22, 54) 59.5 (44, 75) 56.8
25 Other infectious and parasitic dis. 36 0.7 6 30 32 38 0.7 15.8 (4, 28) 16.7 (4, 29) 5.6
46 Other malignant neoplasms 34 0.6 1 33 92 93 1.8 1.1 (0, 5) 2.9 (0, 9) 173.5
40 Prostate cancer 31 0.6 4 27 16 20 0.4 20.0 (6, 34) 12.9 (1, 25) -35.5
All other cases 526 788
No recorded causes 567 11
Total 5,309 100.00 5,309 100.00
*BDNS: Birth and death notification system, ^ CSMF: cause-specific mortality fraction
The misclassification patterns presented in Table 28 clearly indicate the influence of identifying
specific causes for deaths that were originally certified as ill-defined or without a listed cause
of death. The majority of cases that were originally classified as ill-defined conditions (n=1187)
were reassigned to ischemic heart diseases (n=168), cerebrovascular diseases (n=107), transport
accidents (n=100), other heart diseases (n=79), and diabetes mellitus (n=69). Deaths that were
originally missing a cause of death (n=567) were reassigned in a pattern very similar to that for
ill-defined conditions: ischemic heart diseases (n=68), cerebrovascular diseases (n=47),
transport accidents (n=77), other heart diseases (n=29), and diabetes mellitus (n=23). The
misclassification of deaths originally assigned to other residual groups potentially covers a
broad range of specific causes, in particular, ‘other heart diseases’ and ‘other respiratory
diseases’.
The most important change noted from the study is the vast drop in deaths from hypertension,
non-diagnosed cases, and ill-defined conditions, and the consequent increase in deaths from
specific causes such as road accidents, ischaemic heart diseases, and cerebrovascular diseases.
The agreement rate of underlying cause of death is also presented in Table 28. This is calculated
as the number of deaths in the birth and death notification system where the cause of death
agreed with reviewed medical record, divided by the total number of deaths as reassigned on
medical record review. Overall, about 25% of death notifications agreed with medical records
reviewed with regards of underlying cause of death. However, variation in agreement for the
underlying cause of death is apparent for most of the top leading causes of death. Agreement
rates range from 46% for road accident deaths to about 10% for other malignant neoplasms.
Ill-defined conditions remain high after medical records review; although the study was able to
reassign specific causes to about 880 ill-defined conditions. About 203 cases were reallocated
to the ill-defined conditions group, mainly from ‘no recorded causes’ cases (n=71).
Table 28 Misclassification matrix for major causes of death as per  Birth and Death notification system and medical records review in Oman, 2010
Causes of Death* Medical records review
MTL1 Birth and death
notification system
67 69 96 94 52 68 92 74 93 86 46* 77 61 76 80 29 66 81 82* Other
Causes
Total
94 Ill-defined conditions 168 107 100 308 69 79 6 14 14 19 9 11 32 20 5 6 18 11 9 182 1,187
No causes Specified 68 47 77 71 23 29 33 11 25 19 7 8 16 7 7 3 7 2 6 101 567
52 Diabetes mellitus 44 55 12 13 99 14 8 9 16 5 4 8 3 3 7 3 3 65 371
96 Transport accidents 11 12 261 10 7 2 3 1 3 1 3 1 1 1 19 336
68 Other heart diseases 66 33 11 43 15 51 3 5 9 8 7 7 3 7 3 3 3 3 3 51 334
67 Ischaemic heart diseases 93 26 7 8 12 18 6 6 3 7 1 2 2 1 1 3 25 221
12 Septicaemia 15 33 6 4 13 8 3 26 2 15 1 8 3 5 3 3 2 4 14 43 211
92 Perinatal conditions 8 10 3 3 3 3 105 1 28 1 2 2 3 2 1 1 1 16 193
66 Hypertensive diseases 34 44 2 7 8 14 6 13 3 3 3 1 7 4 1 28 178
69 Cerebrovascular diseases 15 77 6 8 7 7 10 3 3 3 3 1 1 3 1 1 20 169
93 Congenital malformations 3 4 3 6 1 7 16 1 82 1 1 1 1 2 1 1 1 1 15 148
77 Other respiratory system
diseases
9 15 4 3 2 16 4 13 3 3 18 2 7 2 2 3 18 124
74 Pneumonia 6 16 3 1 5 4 2 34 1 12 3 1 1 5 3 23 120
86 Other genitourinary diseases 10 8 2 3 8 5 12 17 4 5 1 2 4 2 1 21 105
61 Other nervous system diseases 5 9 1 3 1 1 1 1 2 2 1 8 3 1 2 1 1 15 58
80 Diseases of the liver 4 1 2 2 1 3 2 1 1 2 1 3 18 2 16 59
43 Non-Hodgkin's lymphoma 3 3 1 4 1 20 1 3 18 54
71 Other circulatory system
diseases
6 11 3 1 4 3 1 2 4 3 1 1 12 52
81 Other digestive system diseases 3 5 2 3 3 1 1 1 3 18 10 50
54 Other endocrine, metabolic and
nutritional diseases
7 2 3 1 4 6 2 3 1 2 1 2 14 48
104 Causes that are originated due
to external causes (S & T
Codes)
8 2 18 2 2 2 2 1 1 1 4 43
29 Stomach cancer 1 2 1 3 1 1 2 1 1 20 1 5 39
76 Chronic lower respiratory
diseases
3 2 2 1 3 1 3 1 1 1 2 1 11 2 4 38
All other causes 55 42 22 21 30 21 0 13 1 7 40 9 3 7 14 12 3 3 10 291 603
Total 654 589 549 511 325 304 176 172 169 134 93 108 92 91 77 63 63 60 58 5,309
Agreement rate (%) 14 13 48 60 30 16 59 19 48 12 1 17 9 12 23 31 11 30 10
*Figures in column headings indicate ICD-10 code for causes of death as per ICD-10 Mortality Tabulation List 1 (MTL1)     ^ 46= other malignant neoplasms, 82= skin diseases
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Table 29 shows the change in underlying cause of death in the medical records review analysed
by governorate. This analysis was undertaken to highlight the misclassification of underlying
cause of death among the governorates in the country. It is clearly shown the rate of change is
very high (i.e. 60% and above) in most of the governorates. The governorate of North Al
Batinah reported the highest change in the underlying causes of deaths (85%) followed by
Muscat governorate (the capital city) (82%). The smallest change was reported in the Dhofar
and Al Wusta governorates (47%). Such large change need to be investigated, in Muscat, which
is the capital city and the location of all the national tertiary hospitals. Overall, almost 3 out of
every 4 codes for cause of death were changed after medical records review. Again this is
another indication of the need for a comprehensive plan in order to improve the death reporting
in Oman.
Table 29 Changes in underlying causes of death by reported governorate based on review of
cause of death by study field workers (physicians and coders), Oman, 2010.
Governorates Changed Not changed Total % of changed codes
Al Buraymi 67 41 108 62.0
Ad Dakhiliyah 401 237 638 62.9
Ad Dhahira 224 120 344 65.1
Dhofar 197 224 421 46.8
Musandam 30 8 38 78.9
Muscat 1176 258 1,434 82.0
North Batinah 903 163 1,066 84.7
North Sharqyia 267 131 398 67.1
South Batinah 391 193 584 67.0
South Sharqiya 193 49 242 79.8
Al Wusta 17 19 36 47.2
Grand Total 3,866 1,443 5,309 72.8
Table 30 presents the change in underlying causes of death after the medical records review by
type of reported health institutions. This analysis was done in order to identify the accuracy of
death certification according to the type and level of health institution. The rate of change was
highest in hospitals that were managed by government agencies other than the Ministry of
Health:  namely, the Armed Forces Hospital and Sultan Qaboos University Hospital. The
lowest rate of change was seen in wilayat (district) hospitals, local hospitals, and health centres.
An in-depth review of the reasons for such large discrepancies in rates of change after the
medical review needs to be undertaken. This is necessary to highlight the poor quality of cause
of death reporting in both hospital deaths and cases where the deceased is brought in dead to
the hospital.  Such a review is also necessary to examine the significant differentials in
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reporting cause of death between hospitals. The findings of this research indicate that major
improvements in certification practices are required in health facilities in Oman.
Table 30 Changes in ICD-10 coding in underlying causes of death by type of health institution based on
review by field workers (physicians and coders), Oman, 2010.
Type of health institution Changed Not
changed
Total % of
changed
codes
Ministry of Health Health centres** 486 170 656 74.1
Local hospitals 200 85 285 70.2
Wilayat hospitals 246 136 382 64.4
Regional hospitals 1,836 794 2,63
0
69.8
Tertiary hospitals 734 222 956 76.8
Non-Ministry of  Health Hospitals 364 36 400 91.0
Total 3,886 1,443 5,30
9
72.8
*Armed Forces Hospital, Sultan Qaboos University Hospital ** including extended health centres
Table 31 and Table 32 present an estimate of the leading causes of death by sex and broad age
groups. For both males and females, ischemic heart disease, road accidents, and
cerebrovascular diseases account for the majority of underlying causes of deaths in the revised
cause of death data. The tables show that ‘ill-defined conditions’ remain high for both males
(9%) and females (11.3%). This may be due to an inability to access information on cases
brought in dead. Transport accidents victims accounted for 12.6% of deaths among males and
5.7% of deaths among females. Diabetes mellitus was listed as the cause of death for 5.8% of
male deaths and 6.2% of female deaths. Perinatal conditions and congenital malformation were
responsible for 6.2% of male deaths and 7% of female deaths..  Transport accidents are the
leading cause of death for males during the early adulthood (15-64 years). Deaths due to
transport accidents accounted for 10% of total male deaths. Transport accidents account for a
much lower proportion of female deaths (2.9% of total female deaths).
Table 31 and Table 32 also show the proportion of deaths by broad age groups for both sexes.
The rate of death in the elderly age groups (over 64 years) was high for both sexes (46% males
and 53% females). Child mortality was higher for females in all sub-groups (i.e. infants, 1-4
years, 5-14 years).  Ischaemic heart diseases, cerebrovascular diseases, diabetes mellitus,
pneumonia, and cancer are the main causes of death in the elderly age groups. Diseases of the
liver and of genitourinary diseases are among the leading causes of death for adults and the
elderly in both sexes. The burden of mortality from these non-communicable diseases in Oman
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is high; further in-depth investigation to highlight this area is necessary in order to determine
appropriate public health preventive measures.
It can be seen in Table 31 and Table 32 there are four categories titled ‘Other diseases’ which
are among the top leading causes of death. When these four categories were broken down into
more specific causes (3 character ICD=10 codes), it was found that nearly half of the cases
could be reported under certain specific disease codes. The four categories of ‘other diseases’
are:
(i) Other heart diseases: In this category, about 80% of the cases were classified as one of six
heart diseases: pulmonary embolism (6%), cardiomyopathy (15%), cardiac arrest (16%), atrial
fibrillation and flutter (12%), heart failure (19%), and complications/ill-defined description of
heart diseases (11%). The existence of such subgroups of other heart diseases raises the issue
of quality and availability of reliable information on cause of death in the electronic medical
records system in health facilities.
(ii) Other genitourinary diseases: Approximately 85% of cases classified as other genitourinary
diseases could be categorised as either renal failure (56%) or other disorders of urinary system
(29%).
(iii) Other malignant neoplasms: In this group of miscellaneous neoplasms, about 73% of
deaths can be classified into six neoplasm categories: gallbladder (9%), bone and articular
cartilage (9%), cancers of the kidney (9%), secondary malignancies of respiratory or digestive
organs (20%), and secondary malignancies for unspecified sites (23%).
(iv) Other diseases of the respiratory system: Deaths in this category can be further categorised
as pneumonias due to solids/liquids (43%), diseases of the respiratory system (20%), and
respiratory diseases principally affecting the interstitium (12%).
The above examples indicate that further intervention is required to insure proper
documentation of causes of death; medical record systems at health institutions need to be
validated.
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Table 31 Proportionate mortality by cause across broad age groups based on medical records review of male
deaths, Oman, 2010
Medically certified causes of
death
ICD-10
codes
Age group (years)
<1 1-4 10-
14
15-
24
15-
49
50-64 65-75 >=75 All
ages*
Transport accidents V01-V99 0.2 0.4 0.5 3.6 4.4 1.8 1.3 0.7 13.0
Ischaemic heart diseases I20-I25 0.3 0.1 0.0 0.4 1.3 3.5 3.8 3.1 12.6
Cerebrovascular diseases I60-I69 0.3 0.1 0.1 0.3 0.7 2.1 2.9 4.2 10.6
Symptoms and ill-defined
conditions
R00-R99 0.4 0.1 0.2 0.7 1.5 2.0 1.8 2.0 8.9
Diabetes mellitus E10-E14 0.2 0.0 0.0 0.2 0.5 1.7 1.7 1.6 5.8
Other heart diseases I26-I51 0.2 0.0 0.2 0.3 0.5 0.9 2.0 1.7 5.8
Pneumonia J12-J18 0.1 0.1 0.1 0.0 0.3 0.4 0.9 1.4 3.3
Perinatal conditions P00-P96 3.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 3.3
Congenital malformations Q00-Q99 2.5 0.3 0.0 0.0 0.0 0.0 0.0 0.0 2.9
Other genitourinary diseases N17-N98 0.1 0.0 0.1 0.1 0.2 0.3 0.7 0.9 2.4
Other malignant neoplasms
^
0.0 0.1 0.1 0.0 0.4 0.5 0.6 0.5 2.2
Other diseases of the
respiratory system
J00-J06,
J30-J39,
J60-J98
0.1 0.1 0.0 0.0 0.1 0.3 0.4 0.7 1.8
Other diseases of the
nervous system
G04-G25,
G31-G98
0.1 0.2 0.1 0.1 0.2 0.3 0.2 0.4 1.6
Diseases of the liver K70-K76 0.1 0.0 0.0 0.0 0.3 0.3 0.4 0.3 1.5
Trachea, bronchus and lung
cancer
C33-C34 0.0 0.0 0.0 0.0 0.1 0.5 0.5 0.3 1.4
Chronic lower respiratory
diseases
J40-J47 0.0 0.0 0.0 0.0 0.1 0.3 0.3 0.6 1.3
All other external causes^^ 0.0 0.2 0.0 0.2 0.2 0.2 0.2 0.1 1.2
Hypertensive diseases I10-I14 0.0 0.0 0.0 0.0 0.1 0.4 0.3 0.2 1.1
Diseases of the skin L00-L98 0.0 0.0 0.0 0.0 0.1 0.0 0.4 0.5 1.0
Stomach cancer C16 0.0 0.1 0.0 0.0 0.1 0.3 0.3 0.2 1.0
Liver cancer C22 0.0 0.0 0.1 0.0 0.1 0.4 0.2 0.3 1.0
All other causes 1.0 0.6 0.6 1.2 3.1 2.9 3.6 3.4 16.5
Total (%) 9.0 2.5 2.1 7.2 14.0 19.1 22.7 23.1 100.0
Total reviewed cases
(number)
286 79 66 230 447 611 724 737 3,194*
^Other malignant neoplasms: C17, C23-C24, C26-C31, C37-C41, C44-C49, C51-C52, C57-C60, C62-C66, C68-C69, C73-C81, C88, C96-
C97
^^ All other external causes: W20-W64, W75-W99, X10-X39, X50-X59, Y10-Y89
*Including 14 male deaths for which age could not be verified
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Table 32 Proportionate mortality by cause across broad age groups based on medical records review of female
deaths, Oman, 2010
Medically certified causes of
death
ICD-10
Codes
Age group (years)
<1 1-4 10-
14
15-
24
15-
49
50-64 65-75 >=75 All
ages*
Ischaemic heart diseases I20-I25 0.3 0.2 0.2 0.1 0.8 1.9 3.9 4.0 11.5
Cerebrovascular diseases I60-I69 0.6 0.0 0.0 0.3 0.7 2.0 3.5 3.5 10.8
Symptoms and ill-defined
conditions
R00-R99 0.7 0.1 0.1 0.4 0.5 1.6 3.2 4.0 10.7
Diabetes mellitus E10-E14 0.3 0.0 0.0 0.0 0.6 2.2 2.0 1.4 6.6
Transport accidents V01-V99 0.3 0.6 0.4 1.0 1.1 0.8 1.1 1.0 6.4
Other heart diseases I26-I51 0.4 0.0 0.1 0.2 0.3 1.0 1.2 2.4 5.6
Perinatal conditions P00-P96 2.9 0.6 0.0 0.0 0.0 0.0 0.0 0.0 3.6
Congenital malformations Q00-Q99 3.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 3.4
Pneumonia J12-J18 0.2 0.0 0.1 0.1 0.1 0.5 0.7 1.3 3.2
Other malignant neoplasms^ 0.1 0.0 0.1 0.0 0.5 1.0 0.4 0.6 2.7
Other genitourinary diseases N17-N98 0.1 0.0 0.1 0.0 0.2 0.3 0.9 1.0 2.7
Other diseases of the
respiratory system^^^
0.1 0.1 0.1 0.0 0.2 0.5 0.9 0.6 2.4
Chronic lower respiratory
diseases
J40-J47 0.1 0.0 0.0 0.0 0.1 0.5 0.6 1.0 2.4
Other diseases of the
nervous system
G04-G25,
G31-G98
0.2 0.2 0.2 0.1 0.2 0.2 0.4 0.3 1.9
Stomach cancer C16 0.1 0.0 0.0 0.0 0.1 0.5 0.4 0.3 1.5
Diseases of the liver K70-K76 0.1 0.0 0.0 0.0 0.1 0.3 0.5 0.4 1.4
Other diseases of the
Digestive system
0.1 0.0 0.0 0.1 0.2 0.2 0.5 0.3 1.4
Septicaemia A40-A41 0.1 0.0 0.0 0.0 0.2 0.1 0.4 0.4 1.3
Breast cancer C50 0.0 0.0 0.0 0.0 0.4 0.7 0.2 0.0 1.3
Hypertensive diseases I10-I14 0.0 0.0 0.0 0.0 0.1 0.3 0.3 0.5 1.3
Diseases of the skin L00-L98 0.0 0.0 0.0 0.0 0.0 0.1 0.3 0.7 1.3
All other causes 1.0 0.5 0.9 0.6 2.3 3.2 4.3 3.5 16.5
Total (%) 11.1 2.6 2.4 3.4 8.8 17.8 25.6 27.3 100.0
Total reviewed cases
(number)
234 56 51 71 187 377 542 577 2,115*
^Other malignant neoplasms: C17, C23-C24, C26-C31, C37-C41, C44-C49, C51-C52, C57-C60, C62-C66, C68-C69, C73-C81, C88, C96-
C97
^^ Other diseases of the digestive system: K00-K22, K28-K66, K80-K92
^^^ Other diseases of the respiratory system: J00-J06, J30-J39, J60-J98
* Including 20 female deaths for which age could not be verified
Pneumonia is ranked as the eighth leading cause of death at all ages. A review of the age
patterns of mortality from pneumonia is important to eliminate misclassification. Figure 16
shows the breakdown of deaths due to pneumonia diseases by age group. The graph clearly
shows that the majority of deaths occur among the elderly (50-64 years and above). The
proportion of elderly deaths due to pneumonia is about 80% of total pneumonia deaths. Given
that pneumonia infections are common among the elderly, this figure is not unexpected.
However, further analysis of deaths assigned the underlying cause of pneumonia might be
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required in order to understand potential factors responsible for the high level of pneumonia
cases among elderly and to identify specific non-communicable diseases as a cause of
pneumonia.
Figure 16 Distribution of pneumonia deaths by broad age groups and sex, Oman, 2010
Another discrepancy in the data is the high number of deaths attributed to skin diseases. Again,
the age patterns demonstrate that the majority of deaths attributed to this cause are among those
aged above 65 years. Figure 17 shows the distribution of deaths due to skin diseases by sex and
broad age groups. The elderly are more likely to get skin diseases, particularly with their lack
of mobility and low immunity [95-97]. Certain skin diseases occurring in this age group can
become fatal, for example, elderly people who are bed-ridden, and who are not receiving high
quality care, can develop  extensive infected bed sores. Figure 4 indicates that the proportion
of deaths due skin disease among the elderly is more than 86% of total deaths due to skin
diseases. Further investigation is required to analyse the medical history and available
information for the 59 cases where skin diseases are listed as the underlying cause of death. An
important implication of this finding is that attention is required to improve nursing care
facilities for elderly patients being cared for at home, which is the culture in Oman.
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Figure 17 Distribution of skin diseases as underlying cause of death by broad age groups,
Oman, 2010
Table 33 presents the reassignment of causes of death initially categorised as ‘ill-defined
conditions’ to other specific groups of causes by broad age groups. Three-quarters (75%) of
deaths initially attributed to ill-defined causes were able to be reassigned to specific causes.
About one third (33%) of total deaths attributed to ill-defined causes were reassigned to deaths
caused by diseases of the circulatory system; 12% were reassigned to external causes; 7% to
endocrine, nutritional, and metabolic diseases (mainly diabetes mellitus); and 4% to neoplasms.
The table also indicates to that ill-defined causes are initially assigned to adults and elderly
(93%). About 25% of deaths due to ill-defined causes remained unchanged due to a lack of
information and consequent inability to assign a definite underlying cause of death.
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Table 33 Reclassification of ill-defined conditions by cause across broad age groups based on
medical records review of deaths, Oman, 2010.
Medically certified causes of
death
ICD-10
codes
Age group (years)
<1 1-4 10-
14
15-
24
15-
49
50-64 65-75 >=75 All
ages^
Certain infectious and
parasitic diseases
A00-B99 1 3 2 1 8 10 6 31
Neoplasm C00-D48 1 1 4 5 13 13 9 46
Blood and immune disorders D50-D89 1 2 1 1 5
Endocrine, nutritional and
metabolic diseases
E00-E88 1 2 3 8 20 17 34 85
Mental and behavioural
disorders
F01-F99 2 1 1 3 2 9
Diseases of the nervous
system
G00-G98 2 2 4 3 8 6 3 8 36
Other diseases of the
nervous system
G04-G25,
G31-G98
2 2 4 2 7 4 3 8 32
Diseases of the eye and
adnexa
H00-H57 1 1 2
Diseases of the circulatory
system
I00-I99 5 0 2 13 38 70 123 132 383
Diseases of the respiratory
system
J00-J98 1 1 2 5 8 11 20 48
Diseases of the digestive
system
K00-K92 1 4 3 6 6 20
Diseases of the skin L00-L98 1 4 3 8
Musculoskeletal diseases M00-M99 1 3 3 7
Diseases of the
genitourinary system
N00-N98 1 1 3 7 10 22
Pregnancy, childbirth and
the puerperium
O00-O99 2 2
Perinatal conditions P00-P96 5 1 6
Congenital malformations Q00-Q99 7 4 11
Symptoms and ill-defined
conditions
R00-R99 13 2 5 17 34 59 81 94 305
External causes of morbidity
and mortality
V01-Y89 2 5 5 31 35 21 24 21 144
Causes not specified 3 1 1 5
Total reviewed cases 37 18 26 77 147 216 306 351 1178
4.8 Discussion
Data on causes of death from routine notification systems can be considered a good source for
providing relevant and recent information for the planning and evaluation of health programs
and health research. However, to be effective, such data on cause of death have to demonstrate
a reasonable degree of quality and reliability [31]. Yet, studies of mortality data in several
developing countries have revealed clear deficiencies in the quality of data from death
registration systems. One study showed that only 23 countries worldwide had high quality
cause of death data [18, 31]. It is therefore not unexpected that many evaluations of national
health information systems have found significant weaknesses in the quality of mortality
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statistics (see chapter one). In the new Omani birth and death notification system (Ministry of
Health), the completeness of death reporting, as measured in chapter three, is about 90% of
total deaths. The purpose of this study was to highlight the current status and quality of cause
of death reporting in the birth and death notification system of Oman. The quality of cause of
death data has been assessed and evaluated through in-depth reviews of medical records for
deaths reported in the birth and death notification system in Oman during 2010. This cause of
death review covered 88% of all Omani deaths captured in the birth and death notification
system for the reference period. Thus, the representativeness of the examined cases is
reassuring, and generalizability of the findings at the national level is high. However, some
caution is required when disaggregating findings to the sub-national level (governorate,
wilayat), particularly for small governorates or wilayats with less than 100 deaths a year. The
study has shown many defects in the current birth and death notification system, particularly
in the reporting of the specific cause of death, and other important variables such as age,
address, and sex (see chapter two).
In terms of the methodology used for data analysis , this study assumed that  causes of death
derived from medical records can be considered as the reference diagnosis to validate the
causes of death recorded in the birth and death notification system. The study assumed that the
clinical history of the deceased is more complete and comprehensive in the medical records of
the patients, especially for those who have admitted to hospital prior to death. The Oman
medical records system has been computerised since the year 2000, and this has made retrieval
and linkage of patients’ medical records from different levels of health institutions possible and
effective. This electronic record system has enabled the high coverage total deaths (88%)
reported during the study period (13th December 2009 and 12th December 2010).  The study set
out to ascertain the correct cause of death based on a detailed review of all available information
on the deceased’s medical record(s). This included accessing doctors’ notes, laboratory reports,
imaging investigations, 48 hours death reports, and notes from previous admissions from the
parent institution   where ever it is possible.
Overall, the comparison of causes of death between the birth and death notification system and
notifications derived from medical records review showed that 73% of original notifications
(5,309 records) needed to be modified. This indicates that there are considerable problems with
the quality of cause of death certification in the birth and death notification system database
compiled at health institutions in Oman. This problem needs careful attention so that the
situation can be remedied. 308 deaths originally assigned to ill-defined conditions failed to be
reassigned to specific causes. This was due to a lack of available information on causes of
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death, largely for ‘brought in dead’ cases. For approximately half of these cases, there were
difficulties in retrieving medical records relating to previous hospitalisations in other hospitals;
for the rest, there was no information about previous access to health care institutions was
available. Due to such uncertainty in the quality of medical records in Oman, an in-depth
assessment needs to be carried in order to measure the level of quality and to plan strategies to
remedy the situation.
The findings in this section of this study, which show patterns in causes of death in Oman, have
significant implications. . For example, the true proportion of deaths due to cerebrovascular
disease according to medical records review is 11%, yet the birth and death notification system
suggested it was only 2%. Similarly, according to medical records, ischemic heart disease
accounts for 12% of all deaths; in the birth and death notification system it accounted for 2.4%.
Transport accidents accounted for 6.3% of deaths in the birth and death notification system,
but this increased to 10.3% after medical records review. Under-reporting of ischaemic heart
diseases, cerebrovascular diseases, other heart diseases, and road accidents in the birth and
death notification system seems to be due to misclassification of cause of death as ill-defined
conditions or missed causes. Other misclassified causes, which were assigned to other specific
causes, also needed to be corrected. The findings from the review of approximately 6,000 death
notifications provide some clarity on the likely reasons underlying the poor-quality of cause of
death data (see Table 24).
One of the strengths of Oman’s health information system is its automation through national
electronic medical records (HIMS ALSHIFA). Digitization of medical records started in Oman
in 1985, and since then it has expanded exponentially. In 2010, approximately three-quarters
of  Ministry of Health institutions used electronic medical records, and this number is expected
to reach 100% by year 2015 [98]. As a result of implementation of the electronic system,
retrieval of data, and the production of the data for public health uses, has become much easier
and faster than would be the case for a manual system. Such rapid developments in the
computerisation of health information system may create some issues relating to the quality of
data that is entered into patients’ electronic files.
Despite the methodological strengths of this study, and the numerous benefits that stem from
its findings, there are several limitations that should be noted. The high rate of physician
turnover in the data collection phase could have resulted in variations in cause of death
certification. Inter-rater reliability testing using a sample of death cases could have been
conducted to assess such occurrence, but this was not done on account of physicians’
availability for this component. All physician reviewers underwent standard training to ensure
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consistency in cause of death certification practice across all participating reviewers. Such
consistency in training would have maintained high quality and completeness in reporting
causes of death, and reduced the risk of bias in cause of death certification.
Another limitation was the failure to complete the reassignment of cause of death in one
specific governorate due to administrative and technical problems. As a result, it was not valid
to draw any conclusions for that specific governorate. However the results are representative
and generalizable at the national level as explained in the results section of this chapter.
Medical records that lacked information or were incomplete, particularly with respect to
diagnosis and other investigations that are used to assign the probable causes of death were a
limitation that resulted in certifiers being unable to assign specific causes of death. As a result,
a relatively high proportion of total deaths (10%) were categorised as being attributable to ill-
defined conditions. While this proportion is high, the study did reduce the number deaths from
ill-defined causes by more than 70% from the original distribution of cause of death in the birth
and death notification system.
This study, which has validated the causes of death in Oman, greatly increases the confidence
in cause of death statistics in Oman. Adjustment of deaths for governorate, age, sex, and causes
using the findings of Chapters Three (completeness) and this chapter findings (cause of death
corrections) of will be discussed in next chapter.
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Chapter Five
Adjusted mortality estimates for Oman
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Chapter five: Adjusted mortality estimates for Oman
5.1 Introduction
Reliable information on mortality by age, sex, and cause provides vital evidence to drive health
services evaluation and planning including projection of health service needs. The ideal source
of mortality data at a population level is the national vital registration system with proper
medical certification for each occurring death. As it was shown in chapters two to four,  death
registration in Oman is neither complete nor of high quality (in terms of reported causes of
death and other important variables in the death notification). In order to address the need for
complete and high quality cause of death data, two national empirical studies were carried out
as part of this PhD thesis. The purpose of these studies was to verify the completeness of death
registration and to assess the quality of cause of death data for all deaths that occurred in 2010.
Details of both studies, and their findings, have been explained in chapters three and four.
Chapter three used the capture-recapture method to measure the completeness of death
registration, and chapter four validated cause of death data through a review of medical records.
Using findings from the studies described in chapters three and four, the data in the Omani
birth death notification system in 2010 can be corrected. This chapter aims to estimate a) overall
mortality rates (such as adult mortality and life expectancy with its regional variations);  b)
leading causes of death by age, sex, and broad age groups; and c) summary measure of
mortality for the population presented on the form of years of life lost (YLL)16 [99] by cause
of death, based on the corrected data.
Overall estimation of mortality rates
National agencies (e.g. Ministry of Health, Ministry of National Economy, and the National
Centre for Statistics and Information) and international agencies (e.g. the World Health
Organization, United Nations Statistical Division) have estimated child mortality (5q0), adult
mortality (45q5), and life expectancy for Oman. In this chapter, the estimated life expectancies
and adult mortality estimates based on adjusted empirical data are compared with those
estimated based on different sources.
16 Years of life lost (YLL) is an estimate of the average years a person would have lived if he or she had not
died prematurely. It is, therefore, a measure of premature mortality. It is an alternative to death rates that gives
more weight to deaths that occur among younger people.
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Leading causes of death
Ranking of causes of death is considered as an essential component of obtaining an overview
of the mortality patterns in a population. Ranking causes of death is a popular method of
describing the relative importance of cause-specific mortality in a population because it is
based solely on the number of deaths. The leading causes of death can be produced at the
national or sub-national level, and by sex or age group. Rankings can be used for regional and
international comparisons [100], however such rankings should always  be used with caution.
This is because outcomes may differ depending on the classification and grouping rules that
have been applied[100]. Additionally, unlike specific death rates or other overall measures of
mortality in a population such as years of life lost, rankings do not give cause-specific risk or
the overall burden of a given disease.. In this chapter, the best estimates of leading causes of
death for Oman in 2010 will be presented. In order to correct cause of death data for
underreporting of deaths and for misclassification of causes of death, the results of chapters
three and four have been used.
5.2 Methods
To present the overall estimation of deaths in a population in which questionable data are
available, it is crucial to create an estimate of total deaths by age and sex. This can be done by
adjusting data from the national death registry database for possible underreporting of deaths.
In this study, calculations adjusted for the overall underestimation of deaths by age and sex are
used to construct adjusted life tables at the national and sub-national level. Adjusted life tables
are presented along with other estimates of life expectancy (such as children mortality, adult
mortality, and life expectancy) produced by other agencies.
Omani deaths registered in the birth and death notification system were used to determine the
leading causes of death. About 6,000 deaths were registered in the system during 2010. Missing
variables in death records, such as age, sex, governorate, and nationality, were revised and
corrected as explained in chapter three. The ICD-10 was used to classify deaths in the Omani
birth and death notification system. However, for the purpose of ranking the leading causes of
death, causes were re-classified according to the World Health Organization’s mortality
tabulation list 1  (see appendix B). This reclassification was done to allow comparison with
other countries in the context of leading causes of death.
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Correction of misclassification of causes of death
Data on causes of deaths were corrected by applying the findings of chapter four: validation of
cause of death according to empirical study of using medical records review. All revised deaths
(5,309) were categorized into standard World Health Organization mortality tabulation list 1
causes (103 causes). New age-group categories were applied as follows: 0-14 years, 15-49
years, 50-74 years, 75+ years. Such age groupings were made to allow comparison with similar
studies that conducted in other countries.
Deaths from each of the 103 categories (5,309 revised deaths stratified by age and sex) were
proportionately adjusted according to the total number of deaths identified in the capture-
recapture study. To implement such adjustments, the formula described below was used. An
example using road traffic accidents for 50-74 year old males is given to illustrate the
adjustments.
= ×
A= Adjusted number of deaths due to road traffic accidents for males aged 50-74.
B= Number of deaths due to road traffic accidents for males aged 50-74 as per corrected cause
of death.
C= Total number of deaths for males aged 50-74 years as per capture-recapture method.
D= Total number of deaths for males aged 50-74 years before adjustment.
To correct mortality proportions by age, sex, and cause, I first applied the findings from the
study of medical records in Oman (chapter four). Then, the corrected proportions by cause of
death were fitted to the total number of adjusted deaths by age and sex as per the adjusted
number of deaths from the study on completeness of cause of death reporting (chapter
three).Estimating Years of Life Lost (YLL)
Global Burden of Diseases methods were applied in order to calculate YLL [16]. YLL are
calculated as the sum of deaths in each age group by cause and sex weighted by the average
life expectancy at that age. Life expectancy from the 2010 Global Burden of Diseases study
was chosen as the standard for calculating YLLs [50, 101, 102]. Life expectancy at birth was
derived from the 2010 Global Burden of Diseases reference life table, i.e. 86.0 years for males
and females (See Appendix F). In this study, the adjusted life table for Oman based on the
capture-recapture study was also used.
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Standardizing the age-specific cause of death rate (100,000 population)
There are two methods for standardizing the age-specific cause of death rate: indirect and
direct. In this study, direct standardization17 has been used to adjust the age-specific death rate
by cause and sex. The process of standardizing age-specific death rates by cause and sex is
described below[103, 104]:
1) Compute age-specific death rate by: = ,(1)
Where DRi is the death rate for age interval (i), Di is the number of reported deaths for age interval (i), and Pi is the population for the age
interval (i).
2) Compute adjusted age-specific death rate for standard population:= × (2)
Where ADRi is the adjusted death rate for the age interval (i), and SPi is the standard population for age interval (i).
3) Calculate factor error for age interval:= ( ) × (3)
Where FEi is the factor error for the age interval (i).
4) Calculate overall standardized death rate (SDR) per 100,000 population= ∑∑ × 100,000 ∓ (1.96 × )(4)
5) Calculate the standardized cause-specific death rate (SCSDR) rate 100,000 population
by applying equations (1 - 4) for each of studied cause of death.
The methods described above will be applied in the next section.
5.3 Results
5.3.1 Levels of mortality
The most convenient way to describe age-sex specific death rates in a population is to use the
life table [105]. Abridged adjusted life tables for males and females in Oman in 2010 were
constructed based on the adjustments described in chapter three (See Appendix G). The raw
data on on population  and deaths by age and sex that have been used to  estimate  overall
mortality measures for Oman (Table 34) are provided in Appendices J and K, which include
the following data:
17 Direct Standardization (SDR) calculates a weighted average of the region’s age-specific mortality rates where the weights represent the
age-specific sizes of the standard population.
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1) Deaths by age and sex as per BDNS (2005-2010).
2) Population estimates by age and sex based on BDNS and Census 2003 (2005-2010).
3) Population estimates as per 2010 Census by age and sex for 2010.
4) Deaths by age and sex as per 2010-census.
The key parameters of life table summarized in Table 34 are life expectancy at birth (e0),
probability of dying before five years of age (5q0), adult mortality (45q15), and life expectancy
at age 60 (e60). For comparison purposes, raw data from the birth and death notification system,
raw data as per census 2010, and these study findings (adjusted deaths) are presented in Table
34. Compared with life expectancies derived from, the raw data in the birth and death
notification system, adjusted life expectancies are lower by about two years according to the
adjusted data.
5)
Table 34 Summary of life tables by sex based on raw data from the birth and death
notification system, 2010 census deaths, and Study findings, Oman, 2010
Death  from
BDNS[2]
Deaths from census
[2]
Study findings
(adjusted deaths) [2]
M F M F M F
a) Life expectancy at birth(e0) 75.2 81.9 77.3 83.5 73.7 80.0
b) Adult mortality rate at 15 and 60
years (per 1,000) (45q15)
150 77 123 66 157 82
c) Under five mortality rate (5q0) 13.4 11.6 17 13 21.3 17.3
d) Life expectancy at age 60 (e60) 22 26 27 32 21 24
Figure 18 shows the estimated probability of dying between the ages of 15 and 60 (45q15) by
governorates, based on corrected data for males and females. Female adult mortality is highest
in Dhofar governorate (110 deaths per 1000 females aged 15-59 years). Male adult mortality
(number of deaths per 1000) was the lowest for Dhofar, when small governorates were
excluded. Muscat (94), south Ash-Sharqiyah (90) and north Ash-Sharqiyah (86) were the
governorates with the next highest female adult mortality after Dhofar. The national estimate
of adult mortality among females was about 80 deaths per 1000 females aged 15-60 years;
whereas it was 157 deaths per 1000 males aged 15-60 years. In this regard, it is worth
mentioning that the estimates of 45q15 for some governorates namely, Musandam, Al Wusta
and Al Buraymi  was  affected by small population size and numbers of deaths, hence resulting
in wide confidence intervals for these estimates. However, there are considerable variations
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ranging from 160 – 185 per 1000 in males, and from 50 – 90 per 1000 in females, across the
governorates. The variation in adult mortality across governorates needs to be investigated in
order to understand the main drivers and factors that result in such differences, and guide
interventions to minimise these inequalities.
^ Estimates for less populated governorates might not be accurate due to low numbers of deaths reported per year (<100 cases).
Figure 18 Probability of dying among adult males and females (aged 15-59 years) per 1000
population, by Governorate, Oman, 2010
5.3.2 Estimating cause of death by age and sex
Table 35 shows the leading causes of death based on corrected data from the study that used
capture-recapture methods to compare the birth and death notification system with medical
records review. Also shown are the leading causes of death based on uncorrected data extracted
from birth and death notification system in Oman, 2010. As explained in chapter three, by
applying in completeness factor, the estimated total number of Omani deaths in Oman
increased by almost 12% from 6,036 to 6,740 deaths after. Comparison of the leading causes
of death based on both sources shows that the proportion of deaths from cardiovascular diseases
substantially increased after correction of causes of death. According to the corrected cause of
death data, ischaemic heart disease is estimated to be the leading cause of death, accounting
for 11.6% of total corrected deaths. Ischaemic heart disease was the third leading cause of death
as per uncorrected cause of death data. Table 35 clearly shows the significant reduction in ill-
defined conditions due to the reassignment to more specific causes. Based on uncorrected data,
cerebrovascular disease is the sixth leading cause of death; after correction it becomes the third
leading cause of death. Road transport accidents were the second leading cause of death in both
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before and after correction. The proportion of road transport accidents in the uncorrected data
was 6.1% and this rose to 11.4% after correction. Such vast change in the proportion can be
explained by reassignment of brought-in dead cases from cases either coded as “unattended
death – ICD-10 R98” or “other ill-defined and unspecified causes of mortality ICD-10 R99” to
a more specific cause.
Other vague causes that occupied high ranks in uncorrected data were hypertensive diseases
(5th) and septicaemia (7th). After corrections, their rank dropped to 18th and 20th respectively.
Symptoms and ill-defined conditions dropped from 1st rank to 4th after correction, and its
proportion dropped from 35.1% in the uncorrected data to 9.7% after correction. Despite such
a huge reduction, the ill-defined conditions group remains high in terms of proportion and rank
after the causes of death review. Therefore, further analysis of the birth and death notification
system needs to be carried out. The process of adjusting and correcting the data meant that
some causes of death not initially in the top 20 causes entered the top 20For example, in the
corrected data, stomach cancer and diseases of the liver accounted for 1.2% and 1.4% of deaths
respectively. Similarly, the group of chronic lower respiratory diseases were not grouped
among the top 20 causes of death based on uncorrected data, but rose to become the 15th leading
cause of death (accounting for 1.6% of total deaths) in the corrected data. The high proportion
of congenital anomalies (3.2% of total deaths in the corrected data) requires further
epidemiological investigation in Oman.
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Table 35 Distribution of deaths before and after the correction, Oman 2010
Uncorrected data Corrected data
Rank Cause of death Deaths
%
of
total
Cause of death Deaths
%
of
total
1 Symptoms and ill-defined
conditions (R00-R99) 2119
35.1 Ischaemic heart diseases (I20-I25) 784 11.6
2 Transport accidents (V01-V99) 371 6.1 Transport accidents (V01-V99) 767 11.4
3 Other heart diseases (I26-I51) 326 5.4 Cerebrovascular diseases (I60-I69) 697 10.3
4 Ischaemic heart diseases (I20-I25) 311 5.2
Symptoms and ill-defined
conditions (R00-R99) 652 9.7
5 Hypertensive diseases (I10-I14) 251 4.2 Diabetes mellitus (E10-E14) 378 5.6
6 Cerebrovascular diseases (I60-I69) 243 4.0 Other heart diseases (I26-I51) 376 5.6
7 Septicaemia (A40-A41) 238 3.9 Pneumonia (J12-J18) 225 3.3
8 Diabetes mellitus (E10-E14) 228 3.8 Congenital malformations (Q00-Q99) 216 3.2
9 Perinatal conditions (P00-P96) 220 3.6 Perinatal conditions (P00-P96) 185 2.8
10
Other diseases of the respiratory
system (J00-J06, J30-J39, J60-
J98)
182
3.0 Other genitourinary diseases
(N17-N98) 176 2.6
11 Congenital malformations(Q00-Q99) 158
2.6 Other malignant neoplasms^ 166 2.5
12 Pneumonia (J12 – J18) 152 2.5
Other diseases of the respiratory
system (J00-J06, J30-J39, J60-
J98)
146 2.2
13 Other genitourinary diseases(N17-N98) 133 2.2
Other diseases of the nervous
system (G04-G25, G31-G98) 143 2.1
14 Diseases of the liver (K70-K76) 82 1.4 All other external causes ^^ 113 1.7
15 All other external causes^^ 77 1.3 Chronic lower respiratory diseases(J40-J47) 108 1.6
16
Other diseases of the digestive
system (K00-K22, K28-K66,
K80-K92)
71 1.2 Diseases of the liver (K70-K76) 96 1.4
17 Other diseases of the nervous
system (G04-G25, G31-G98) 67 1.1 Accidental drowning (W65-W74) 82 1.2
18 Other diseases of the circulatory
system (I71-I99) 65 1.1 Septicaemia (A40-A41) 80 1.2
19 Other malignant neoplasms^ 62 1.0 Stomach cancer (C16) 80 1.2
20 Chronic lower respiratorydiseases (J40-J47) 49 0.8 Hypertensive diseases (I10-I14) 77 1.1
All other causes 631 10.4 All other causes 1192 11.6
All other causes 6036 100 All other causes 6740 100
^ Other malignant neoplasms (C17, C23-C24, C26-C31, C37-C41, C44-C49, C51-C52, C57-C60, C62-C66, C68-C69, C73-C81, C88, C96-C97)
^^ All other external causes (W20-W64, W75-W99, X10-X39, X50-X59, Y10-Y89)
Table 36 shows the 2010 top 20 causes of death in Oman for all age groups by sex. While road
traffic accidents were the leading causes of death for males (14%), the leading cause of death
for females was ischaemic heart disease (11.4%). Ischaemic heart disease was the second
leading cause of death for males (11.8% of total male deaths), while ill-defined conditions and
symptoms was in the second rank among female deaths (10.9% of total female deaths). For
both sexes, the third leading cause of death was cerebrovascular disease (stroke), accounting
for 10.4% and 10.3% of male and female deaths respectively. Road traffic accidents occupied
were ranked fourth among females, whereas symptoms and ill-defined conditions were ranked
fourth among males (8.5%). In both sexes, the top 20 causes of death represented more than
82% of total deaths. Congenital anomalies took eighth rank in leading causes of death for males
132
(3.4%), while it was the seventh leading cause of death for females (3.8%). The group of
perinatal conditions was the ninth leading cause of death for males and females, accounting for
2.8% and 2.7% of total deaths respectively.
Table 36 Distribution of leading causes of death by sex after correction, Oman, 2010
Males Females
Rank Cause of death Deaths
% of
total Cause of death Deaths
% of
total
1 Transport accidents (V01-V99) 564 14.0 Ischaemic heart diseases (I20-I25) 309 11.4
2 Ischaemic heart diseases (I20-I25) 476 11.8
Symptoms and ill-defined conditions (R00-
R99) 295 10.9
3 Cerebrovascular diseases (I60-I69) 418 10.4 Cerebrovascular diseases (I60-I69) 279 10.3
4
Symptoms and ill-defined conditions
(R00-R99) 357 8.9 Transport accidents (V01-V99) 203 7.5
5 Other heart diseases (I26-I51) 221 5.5 Diabetes mellitus (E10-E14) 161 6.0
6 Diabetes mellitus (E10-E14) 217 5.4 Other heart diseases (I26-I51) 155 5.7
7 Pneumonia (J12-J18) 136 3.4 Congenital malformations (Q00-Q99) 104 3.8
8 Congenital malformations (Q00-Q99) 113 2.8 Pneumonia (J12-J18) 89 3.3
9 Perinatal conditions (P00-P96) 109 2.7 Perinatal conditions (P00-P96) 77 2.8
10
Other genitourinary diseases (N17-
N98) 100 2.5 Other malignant neoplasms ^ 76 2.8
11 Other malignant neoplasms^ 90 2.2 Other genitourinary diseases (N17-N98) 75 2.8
12
Other diseases of the nervous system
(G04-G25, G31-G98) 82 2.0
Other diseases of the respiratory system
(J00-J06, J30-J39, J60-J98) 69 2.5
13 All other external causes^^ 77 1.9
Other diseases of the nervous system (G04-
G25, G31-G98) 61 2.3
14
Other diseases of the respiratory
system (J00-J06, J30-J39, J60-J98) 77 1.9
Chronic lower respiratory diseases (J40-
J47) 58 2.2
15 Diseases of the liver (K70-K76) 60 1.5 Stomach cancer (C16) 38 1.4
16 Accidental drowning (W65-W74) 56 1.4
Other diseases of the digestive system
(K00-K22, K28-K66, K80-K92) 37 1.4
17
Trachea, bronchus and lung cancer
(C33-C34) 54 1.3 Septicaemia (A40-A41) 37 1.4
18
Chronic lower respiratory diseases
(J40-J47) 49 1.2 Diseases of the liver (K70-K76) 36 1.3
19
Other endocrine, metabolic and
nutritional diseases (E00-E07, E15-
E34, E50-E88) 45 1.1 All other external causes ^^ 36 1.3
20 Septicaemia (A40-A41) 43 1.1 Diseases of the skin (L00-L98) 36 1.3
(All Other causes) 347 8.6 (All Other causes) 239 8.8
Total Deaths 4034 100.0 Total Deaths 2706 100.0
^ Other malignant neoplasms (C17, C23-C24, C26-C31, C37-C41, C44-C49, C51-C52, C57-C60, C62-C66, C68-C69, C73-C81, C88, C96-C97)
^^ All other external causes (W20-W64, W75-W99, X10-X39, X50-X59, Y10-Y89)
Leading causes of death for children aged 0-14 years
Table 37 presents the top 20 leading causes of death for children aged 0 to 14 years in 2010 by
sex as per corrected data. The ranking order for the top five causes of death is similar for male
and female children. The congenital malformations group is the leading cause of death for
males (15.9%) and females (20.6%) for females. This is followed by perinatal conditions and
road transport accidents. The high proportion of deaths attributable to the first three leading
causes of death in children (congenital anomaly, perinatal conditions, and transport accidents),
suggests the health authorities in Oman need to further investigate childhood causes of death
and plan suitable interventions to tackle them. The table also shows that, in some cases,
implausible causes of death (e.g. ischaemic heart disease) have been assigned to children. This
could be due to several reasons including: failure to retrieve the full history of the deceased,
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improper medical documentation, lack of training on the certification and coding of causes of
death.
Table 37 Distribution of leading causes of death by sex for ages 0-14 years, Oman 2010
Males Females
Rank Cause of death Deaths
% of
total Cause of death Deaths
%  of
total
1 Congenital malformations - Q00-Q99 113 15.9 Congenital malformations - Q00-Q99 104 20.6
2 Perinatal conditions - P00-P96 109 15.4 Perinatal conditions - P00-P96 77 15.3
3 Transport accidents - V01-V99 89 12.6 Transport accidents - V01-V99 63 12.5
4
Symptoms and ill-defined conditions -
R00-R99 44 6.2
Symptoms and ill-defined conditions - R00-
R99 28 5.6
5
Other diseases of the nervous system -
G04-G25, G31-G98 36 5.0
Other diseases of the nervous system -
G04-G25, G31-G98 28 5.5
6 Accidental drowning - W65-W74 34 4.8 Ischaemic heart diseases - I20-I25 26 5.1
7 All other external causes - ^^ 30 4.2 Accidental drowning - W65-W74 18 3.7
8 Cerebrovascular diseases - I60-I69 29 4.0 All other external causes ^^ 14 2.9
9 Other heart diseases - I26-I51 20 2.8 Cerebrovascular diseases - I60-I69 14 2.8
10 Ischaemic heart diseases - I20-I25 19 2.7 Pneumonia - J12-J18 13 2.6
11
Other endocrine, metabolic and
nutritional diseases ^^^ 17 2.4
Other diseases of the respiratory system -
J00-J06, J30-J39, J60-J98 12 2.3
12 Pneumonia - J12-J18 16 2.2 Other heart diseases - I26-I51 11 2.3
13 Falls - W00-W19 15 2.2 Other genitourinary diseases - N17-N98 9 1.7
14 Septicaemia - A40-A41 15 2.1 Other malignant neoplasms^ 8 1.7
15
Other genitourinary diseases - N17-
N98 14 1.9
Other endocrine, metabolic and nutritional
diseases ^^^ 7 1.5
16
Other diseases of the respiratory
system - J00-J06, J30-J39, J60-J98 14 1.9 Diabetes mellitus - E10-E14 6 1.2
17 Other malignant neoplasms^ 13 1.8 HIV/AIDS - B20-B24 5 1.0
18 Brain cancer - C70-C72 10 1.4 Diseases of the skin - L00-L98 4 0.8
19 Stomach cancer - C16 8 1.2 Hypertensive diseases - I10-I14 4 0.8
20
Diarrhoea / gastroenteritis of infectious
origin - A09 6 0.8 Anaemia - D50-D64 4 0.8
(All Other causes) 59 8.4 (All Other causes) 46 9.2
Total Deaths 707 100.0 Total Deaths 502 100.0
^ Other malignant neoplasms (C17, C23-C24, C26-C31, C37-C41, C44-C49, C51-C52, C57-C60, C62-C66, C68-C69, C73-C81, C88, C96-C97)
^^ All other external causes (W20-W64, W75-W99, X10-X39, X50-X59, Y10-Y89)
^^^ Other endocrine, metabolic and nutritional diseases - E00-E07, E15-E34, E50-E88
Leading causes of death for people aged 15-49 years
Table 38 shows the top 20 causes of death for the 15-49 year age group, by sex, based on
corrected data for Oman in 2010. Road traffic accidents are the leading cause of death for males
(accounting for 37.6% of total deaths in this age group). For females, road traffic accidents are
the leading cause of death, but account for a lower proportion of total deaths in this age group
(17.1%). The second leading cause of death for both sexes is ill-defined symptoms and
conditions. In high quality death registration systems, deaths attributed to such causes are
minimal. Therefore, this study suggests that further qualitative research is necessary to improve
the documentation in medical records in general, and particularly for medical certification of
death. The third and fourth leading causes of death for both sexes are ischaemic heart disease
and cerebrovascular disease, accounting for about 16% of total deaths for each sex. Diabetes
mellitus ranked sixth for males (3.3%) and fifth for females (5.1%). In this age group, deaths
due to cancers present among the top 20 in both age groups; two cancer groups for males and
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five cancer groups for females. In males, intentional self-harm is the eleventh highest ranked
cause of death (1.5%), and HIV/Aids is ranked sixteenth (1.1%). For females, breast cancer
(3.2%) is ranked eighth followed by cancer of the colon, rectum, and anus (2.9%). Accidental
drowning is the eighth leading cause of death for males (2.0%) and the nineteenth leading cause
of death for females (1.5%).
Table 38 Distribution of leading causes of death by sex for ages 15-49 years, Oman, 2010
Males Females
Rank Cause of death Deaths
% of
total Cause of death Deaths
%  of
total
1 Transport accidents - V01-V99 332 37.6 Transport accidents - V01-V99 63 17.1
2
Symptoms and ill-defined conditions -
R00-R99 91 10.3
Symptoms and ill-defined conditions - R00-
R99 30 8.2
3 Ischaemic heart diseases - I20-I25 72 8.2 Cerebrovascular diseases - I60-I69 30 8.1
4 Cerebrovascular diseases - I60-I69 39 4.5 Ischaemic heart diseases - I20-I25 29 7.8
5 Other heart diseases - I26-I51 34 3.8 Diabetes mellitus - E10-E14 19 5.1
6 Diabetes mellitus - E10-E14 29 3.3 Other malignant neoplasms a 16 4.3
7 All other external causes b 24 2.7 Other heart diseases - I26-I51 14 3.8
8 Accidental drowning - W65-W74 18 2.0 Breast cancer - C50 12 3.2
9 Other malignant neoplasms a 17 1.9 Cancer of colon, rectum and anus C18-C21 11 2.9
10 Diseases of the liver - K70-K76 14 1.6
Other diseases of the digestive system -
K00-K22, K28-K66, K80-K92 10 2.7
11 Intentional self-harm - X60-X84 13 1.5
Other diseases of the nervous system -
G04-G25, G31-G98 10 2.7
12 Pneumonia - J12-J18 12 1.4 Other genitourinary diseases - N17-N98 9 2.3
13 Other genitourinary diseases - N17-N98 12 1.3 Other direct obstetric deaths - O10-O92 8 2.0
14
Other diseases of the nervous system -
G04-G25, G31-G98 11 1.3
Other diseases of the respiratory system -
J00-J06, J30-J39, J60-J98 7 2.0
15
Other diseases of the digestive system -
K00-K22, K28-K66, K80-K92 10 1.2 Pneumonia - J12-J18 7 1.8
16 HIV disease - B20-B24 9 1.1 Diseases of the liver - K70-K76 6 1.6
17 Other infectious and parasitic diseases d 9 1.1 Septicaemia - A40-A41 6 1.6
18
Other endocrine, metabolic and
nutritional diseases c 9 1.0 Liver cancer - C22 6 1.5
19 Brain cancer - C70-C72 8 0.9 Accidental drowning - W65-W74 6 1.5
20 Anaemia’s - D50-D64 7 0.8 Cervix cancer - C53 5 1.2
(All Other causes) 118 13.3 (All Other causes) 73 19.7
Total Deaths 883 100.0 Total Deaths 370 100.0
a Other malignant neoplasms (C17, C23-C24, C26-C31, C37-C41, C44-C49, C51-C52, C57-C60, C62-C66, C68-C69, C73-C81, C88, C96-C97)
b All other external causes (W20-W64, W75-W99, X10-X39, X50-X59, Y10-Y89)
c Other endocrine, metabolic and nutritional diseases - E00-E07, E15-E34, E50-E88
d Other infectious and parasitic diseases - A21-A32, A38, A42-A49, A65-A79, A81, A83-A89, B00-B04, B06-B09, B25-B49, B58-B64, B66-B94, B99
Leading causes of death for people aged 50-74 years
Table 39 presents the top 20 causes of death for in Oman 2010 for people aged 50-74 years, by
sex, based on corrected data. Cardiovascular diseases were the highest ranked cause of death
for males and females, accounting 29.5% and 26.1% of total male and female deaths in this
age group respectively. Diabetes mellitus was the fourth leading ranked cause of death for both
sexes. Road traffic accidents  also presented in the list of top twenty causes of death, accounting
for 7.5% of total female deaths (fifth ranked) and 4.5% of total male deaths(sixth ranked). In
this age group, there are five cancer groups for both sexes in the list of twenty causes of death.
In total, these cancers account for about 9.5% of total deaths in each sex. Liver and stomach
cancers are common in both groups, whereas lung cancer is found only in males (tenth leading
cause of death for males; 2.4% of total deaths). In females, breast cancer is the twelfth leading
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cause of death (2.0%). Causes such as symptoms/ill-defined conditions, septicaemia,
hypertensive diseases, skin diseases and pneumonia existed among the leading causes of death
in this age group. This issue will be discussed in details in the discussion section of this chapter.
Table 39 Distribution of leading causes of death by sex for ages 50-74 years, Oman, 2010
Males Females
Rank Cause of death Deaths
% of
total Cause of death Deaths
% of
total
1 Ischaemic heart diseases - I20-I25 260 17.4 Ischaemic heart diseases - I20-I25 130 13.3
2 Cerebrovascular diseases - I60-I69 182 12.1 Cerebrovascular diseases - I60-I69 125 12.8
3
Symptoms and ill-defined conditions -
R00-R99 138 9.2
Symptoms and ill-defined conditions - R00-
R99 108 11.0
4 Diabetes mellitus - E10-E14 119 8.0 Diabetes mellitus - E10-E14 95 9.8
5 Transport accidents - V01-V99 112 7.5 Other heart diseases - I26-I51 50 5.1
6 Other heart diseases - I26-I51 103 6.9 Transport accidents - V01-V99 44 4.5
7 Pneumonia - J12-J18 46 3.1 Other malignant neoplasms a 32 3.3
8 Other malignant neoplasms a 42 2.8
Other diseases of the respiratory system -
J00-J06, J30-J39, J60-J98 29 3.0
9
Other genitourinary diseases - N17-
N98 37 2.5 Pneumonia - J12-J18 26 2.7
10
Trachea, bronchus and lung cancer -
C33-C34 36 2.4 Other genitourinary diseases - N17-N98 26 2.7
11
Other diseases of the respiratory
system - J00-J06, J30-J39, J60-J98 28 1.8
Chronic lower respiratory diseases - J40-
J47 22 2.3
12 Hypertensive diseases - I10-I14 27 1.8 Breast cancer - C50 20 2.0
13 Diseases of the liver - K70-K76 27 1.8 Stomach cancer - C16 19 2.0
14
Chronic lower respiratory diseases -
J40-J47 22 1.5 Diseases of the liver - K70-K76 18 1.9
15 Stomach cancer - C16 21 1.4
Other diseases of the digestive system -
K00-K22, K28-K66, K80-K92 17 1.7
16 Liver cancer - C22 21 1.4 Hypertensive diseases - I10-I14 14 1.5
17
Cancer of colon, rectum and anus -
C18-C21 20 1.3
Other diseases of the nervous system -
G04-G25, G31-G98 14 1.4
18 All other external causes b 18 1.2 Septicaemia - A40-A41 13 1.3
19
Other diseases of the nervous system -
G04-G25, G31-G98 16 1.1 Liver cancer - C22 11 1.1
20 Diseases of the skin - L00-L98 16 1.1 Pancreatic cancer - C25 10 1.1
(All Other causes) 223 14.9 (All Other causes) 164 16.8
Total Deaths 1496 100.0 Total Deaths 976 100.0
a Other malignant neoplasms (C17, C23-C24, C26-C31, C37-C41, C44-C49, C51-C52, C57-C60, C62-C66, C68-C69, C73-C81, C88, C96-C97)
b All other external causes (W20-W64, W75-W99, X10-X39, X50-X59, Y10-Y89)
Leading causes of death for people age 75 years and above
Table 40 shows top 20 causes of death among the elderly age group, by sex, based on corrected
data for Oman, 2010. In this group, patterns of leading causes of death are similar between the
sexes. The following conditions are among the leading causes of death for both males and
females:  (i) cardiovascular diseases (37.8% of total male deaths and 37.0% of total female
deaths), (ii) diabetes mellitus (males: 6.7%, females: 4.8%), (iii) chronic lower respiratory
diseases (males: 2.5%, females: 3.5%). Road transport accident existed among the top twenty
causes of death across all groups, including the elderly group (75 years and over). In this age
group, road transport accidents accounted for 3.2% of male deaths and 3.9% of female deaths.
Cancer, respiratory diseases, and diseases of digestive system were also among the leading
causes of death for both sexes. Symptoms and ill-defined and other vague conditions were also
a leading cause of death in this age group (accounting for 9.0% of male deaths and 15.2% of
female deaths). Other leading causes were pneumonia (males: 6.6%, females: 5.0%), skin
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diseases (males: 2.4%, females: 2.2%), septicaemia (males: 1.1%, females: 1.7%), and
hypertensive diseases (males: 1.0%, females: 1.5%).
Table 40 Distribution of leading causes of death by sex for ages 75 years and above, Oman, 2010
Males Females
Rank Cause of death Deaths
% of
total Cause of death Deaths
% of
total
1 Cerebrovascular diseases - I60-I69 169 17.8
Symptoms and ill-defined conditions - R00-
R99 129 15.2
2 Ischaemic heart diseases - I20-I25 125 13.2 Ischaemic heart diseases - I20-I25 125 14.6
3
Symptoms and ill-defined conditions -
R00-R99 85 9.0 Cerebrovascular diseases - I60-I69 111 13.0
4 Other heart diseases - I26-I51 65 6.8 Other heart diseases - I26-I51 80 9.4
5 Diabetes mellitus - E10-E14 64 6.7 Pneumonia - J12-J18 42 5.0
6 Pneumonia - J12-J18 63 6.6 Diabetes mellitus - E10-E14 41 4.8
7
Other genitourinary diseases - N17-
N98 38 4.0 Transport accidents - V01-V99 33 3.9
8
Other diseases of the respiratory
system - J00-J06, J30-J39, J60-J98 32 3.4 Other genitourinary diseases - N17-N98 32 3.8
9 Transport accidents - V01-V99 30 3.2
Chronic lower respiratory diseases - J40-
J47 30 3.5
10
Chronic lower respiratory diseases -
J40-J47 23 2.5
Other diseases of the respiratory system -
J00-J06, J30-J39, J60-J98 20 2.4
11 Diseases of the skin - L00-L98 23 2.4 Other malignant neoplasms a 19 2.3
12
Other diseases of the nervous system -
G04-G25, G31-G98 19 2.0 Diseases of the skin - L00-L98 19 2.2
13 Other malignant neoplasms a 19 2.0 Septicaemia - A40-A41 15 1.7
14
Trachea, bronchus and lung cancer -
C33-C34 14 1.5 Hypertensive diseases - I10-I14 13 1.5
15 Diseases of the liver - K70-K76 13 1.4 Stomach cancer - C16 11 1.3
16
Other diseases of the digestive system -
K00-K22, K28-K66, K80-K92 11 1.2
Other diseases of the nervous system -
G04-G25, G31-G98 10 1.2
17 Septicaemia - A40-A41 10 1.1 Diseases of the liver - K70-K76 10 1.2
18 Hypertensive diseases - I10-I14 10 1.0 All other external causes b 9 1.1
19 Liver cancer - C22 10 1.0
Other endocrine, metabolic and nutritional
diseases c 8 1.0
20 Stomach cancer - C16 9 0.9
Other diseases of the digestive system -
K00-K22, K28-K66, K80-K92 8 1.0
(All Other causes) 125 13.2 (All Other causes) 94 11.1
Total Deaths 948 100.0 Total Deaths 858 100.0
a Other malignant neoplasms (C17, C23-C24, C26-C31, C37-C41, C44-C49, C51-C52, C57-C60, C62-C66, C68-C69, C73-C81, C88, C96-C97)
b All other external causes (W20-W64, W75-W99, X10-X39, X50-X59, Y10-Y89)
c Other endocrine, metabolic and nutritional diseases - E00-E07, E15-E34, E50-E88
Years of Life Lost (YLL)
Estimation of YLL allows health planners to identify those causes of death that contribute the
most to premature deaths by giving greater weight to deaths at younger ages. Table 41 shows
top twenty causes of YLL by sex for Oman in 2010 based on the corrected cause of death data.
The table shows significance variations between males and females for YLL. YLL for males
(152,883 years) are 39% more than YLL for females (92,834 years). Road transport accidents
are the leading cause of YLL for both sexes, causing 19.7% of total male YLL and 10.9% of
total female YLL. For males, the second leading cause of YLL is ischemic heart disease (8.4%
of total male YLL); whereas it is the fourth leading cause of YLL for females (8.3% of total
female YLL). For both sexes, congenital malformations and perinatal conditions represent a
high proportion of YLL, accounting for 12.4% of male YLL and 16.6% of female YLL.
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Symptoms and ill-defined conditions rank third for both sexes, accounting for 8.3% of male
YLL and 8.4% of female YLL. The fourth leading cause of YLL is cerebrovascular disease for
males (6.8% of total YLL). The same condition was ranked fifth for females (7.2% YLL). The
absolute amount of YLL from all causes for males is higher than females; this is because the
total number of deaths where higher for males for most causes of death and particularly in the
child and adulthood ages.
Table 41 Leading causes of YLL by sex, Oman, 2010
Males Females
Rank Cause of death YLL
% of
total Cause of death YLL
% of
total
1 Transport accidents (V01-V99) 27704 21.9 Transport accidents (V01-V99) 9279 12.4
2
Symptoms and ill-defined conditions
(R00-R99) 10045 8.0 Congenital malformations (Q00-Q99) 8884 11.9
3 Congenital malformations (Q00-Q99) 9672 7.7 Perinatal conditions (P00-P96) 6575 8.8
4 Perinatal conditions (P00-P96) 9344 7.4
Symptoms and ill-defined conditions (R00-
R99) 5573 7.4
5 Ischaemic heart diseases (I20-I25) 8597 6.8 Ischaemic heart diseases (I20-I25) 5321 7.1
6 Cerebrovascular diseases (I60-I69) 7119 5.6 Cerebrovascular diseases (I60-I69) 4387 5.9
7 Other heart diseases (I26-I51) 4741 3.8
Other diseases of the nervous system (G04-
G25, G31-G98) 3121 4.2
8 All other external causes b 4104 3.2 Diabetes mellitus (E10-E14) 2676 3.6
9
Other diseases of the nervous system
(G04-G25, G31-G98) 3848 3.0 Other heart diseases (I26-I51) 2586 3.5
10 Accidental drowning (W65-W74) 3846 3.0 Pneumonia (J12-J18) 1971 2.6
11 Diabetes mellitus (E10-E14) 3519 2.8 Other malignant neoplasms a 1964 2.6
12 Pneumonia (J12-J18) 2604 2.1 Accidental drowning (W65-W74) 1814 2.4
13 Other malignant neoplasms a 2353 1.9
Other diseases of the respiratory system
(J00-J06, J30-J39, J60-J98) 1704 2.3
14
Other genitourinary diseases (N17-
N98) 2266 1.8 Other genitourinary diseases (N17-N98) 1527 2.0
15
Other endocrine, metabolic and
nutritional diseases c 2062 1.6 All other external causes b 1513 2.0
16
Other diseases of the respiratory
system (J00-J06, J30-J39, J60-J98) 1827 1.4
Other diseases of the digestive system
(K00-K22, K28-K66, K80-K92) 890 1.2
17 Septicaemia (A40-A41) 1633 1.3
Other endocrine, metabolic and nutritional
diseases c 865 1.2
18 Falls (W00-W19) 1544 1.2 Hypertensive diseases (I10-I14) 857 1.1
19 Diseases of the liver (K70-K76) 1419 1.1 Breast cancer (C50) 839 1.1
20 Brain cancer (C70-C72) 1342 1.1 Chronic lower respiratory diseases (J40-J47) 765 1.0
(All Other causes) 16762 13.3 (All Other causes) 11835 15.8
Total Deaths 126351 100.0 Total Deaths 74945 100.0
a Other malignant neoplasms (C17, C23-C24, C26-C31, C37-C41, C44-C49, C51-C52, C57-C60, C62-C66, C68-C69, C73-C81, C88, C96-C97)
b All other external causes (W20-W64, W75-W99, X10-X39, X50-X59, Y10-Y89)
c Other endocrine, metabolic and nutritional diseases - E00-E07, E15-E34, E50-E88
5.3.3 Summary of standardized cause-specific death rates
Age standardization is a method used to compare populations when the age profiles of the
populations are quite different. Table 42 presents the standardized cause-specific death rates
per 100,000 populations for selected causes of death based on data from the birth and death
notification system dataset before and after corrections. The table shows that the overall age-
standardized death rate for males and females increased by about one fifth after adjustment.
The age-standardized death rates for road transport accidents increased by one quarter for both
males and females after adjustment. Similarly, age-standardized death rates due to all
malignant neoplasms increased by one quarter for males and one fifth for females after
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adjustment. The age-standardized death rates for cerebrovascular disease increased by two
thirds for females and one fifth for males after adjustment. The age-standardized death rates
for ischaemic heart diseases increased by about 16% for both males and females after
adjustment.  The age-standardized death rate for lung cancer accounted for 12 per 100,000
thousand among the male population. The age- standardized death rate for prostate cancer
increased by a quarter after adjustments.
Table 42 standardized cause-specific death rates per 100,000 population for selected causes based on the birth
and death notification system dataset before and after corrections, Oman 2010
(a) Males
Before After
Point
estimate LL UL
Point
estimate LL UL
All Causes 601.1 585.0 617.2 724.1 706.7 741.4
Malignant neoplasms 66.0 60.6 71.4 82.5 76.5 88.5
Stomach cancer 6.9 5.1 8.6 8.2 6.3 10.1
Colon and rectum cancers 5.1 3.6 6.6 5.8 4.2 7.4
Liver cancer 7.2 5.4 9.0 8.0 6.1 9.9
Trachea, bronchus, lung cancers 10.4 8.2 12.6 12.1 9.8 14.5
Prostate cancer 3.9 2.6 5.2 4.8 3.4 6.2
Diabetes mellitus 41.1 36.8 45.5 47.4 42.8 52.0
Ischaemic heart disease 87.7 81.3 94.0 101.8 95.1 108.6
Cerebrovascular disease 74.6 68.8 80.5 89.0 82.7 95.3
Chronic obstructive pulmonary disease 9.7 7.5 11.8 11.4 9.1 13.7
Road traffic accidents 54.9 50.6 59.2 70.0 65.3 74.8
(b) Females
Before After
Point
estimate LL UL
Point
estimate LL UL
All Causes 418.6 404.8 432.3 505.0 490.3 519.6
Malignant neoplasms 52.0 47.2 56.9 64.6 59.3 69.8
Stomach cancer 6.5 4.8 8.1 7.6 5.8 9.4
Colon and rectum cancers 4.1 2.8 5.4 5.2 3.7 6.6
Liver cancer 4.1 2.8 5.4 4.3 2.9 5.7
Trachea, bronchus, lung cancers 2.6 1.5 3.7 2.7 1.6 3.8
Breast cancer 5.9 4.3 7.5 6.8 5.1 8.5
Diabetes mellitus 31.2 27.3 35.0 35.0 31.0 39.0
Ischaemic heart disease 54.1 49.0 59.1 64.7 59.3 70.0
Cerebrovascular disease 21.5 18.6 24.4 59.6 54.4 64.7
Chronic obstructive pulmonary disease 11.8 9.4 14.3 13.1 10.6 15.5
Road traffic accidents 21.5 18.6 24.4 28.8 25.6 32.0
5.4 Discussion
Correction of mortality envelop has a great importance for health planning and the evaluation
of health care provision. However, few countries evaluate the quality and completeness of the
tools used to collect mortality statistics, particularly national death registration systems [106].
The research reported in this thesis provides an exemplar for other countries in terms of
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designing and carrying out field studies to derive valid estimates of cause-specific mortality by
age and sex. This study is not a substitute for a sustainable death registration system, but by
refining and correcting age-cause specific mortality estimates from local evidence, this study
is of great benefit to the health information system of the sultanate of Oman. The study has
also reflected on the change of life expectancy at birth and other mortality measures that have
been derived from adjusted life tables based on the death completeness study.
The most important findings of this study can be summarized into as:
(i) Identifying significant variation among governorates in terms of life expectancy at
birth and other specific-mortality measures
(ii) Providing evidence of a lower national life expectancy at birth after adjustment.
This finding is based on the capture-recapture study which adjusted the number of
deaths based on applying completeness factors for each age group and sex.
(iii) Providing more specific evidence on the leading causes of death
(iv) Providing evidence of higher age-standardized cause-specific death rates from
causes such as road transport accidents, ischemic heart diseases, cerebrovascular
diseases, lung cancer, congenital anomalies, and perinatal conditions.
One of the key strengths of this study is its large sample size; all deaths reported among Omani
citizens in 2010 were reviewed. Also, the cause of death validation study covered almost all
reported deaths in health institutions in 2010 based on medical records. This study is the first
ever study to produce full mortality estimates for Oman.
Despite the high value of the study findings, a number of limitations and challenges need to be
considered. First, the completeness of mortality registration in Oman remains uncertain. Such
uncertainty may have been overcome through the use of the rules that were implemented in the
matching phase to match deaths in the birth and death notification system with deaths reported
in the 2010 census. The main challenge faced the researcher during the matching phase was
the absence of the name of the deceased in the census dataset, and missing/incomplete data in
some fields of the death notification dataset. Another limitation is the occurrence of missing
documentation in the medical records reviewed, particularly for brought in dead cases where
the death occurred away from the parent institutions.
This study has developed a model to strengthen the process of death reporting in Oman. This
process provides data to measure total and age-, sex-, and causes-specific mortality indicators.
This research suggests that there are some areas of the death reporting process that could be
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improved. As the health sector is the main body responsible for death reporting in Oman, any
major efforts to strengthen the system need to be directed to this sector. Ensuring a proper
documentation process, carried out by trained and qualified certifiers and coders, and
automation and linkage of medical records across health institutions are two factors that will
have the most direct impact on the mortality information system in the country. In addition, the
processes of collection, compilation, and analysis of mortality data (by age and sex) will require
qualified professionals working in the system. The above practices are most effective when
combined with the administrative and legal frames of the death registration system in the
sultanate of Oman.
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Chapter Six
Epidemiological and health policy implications
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Chapter Six: Epidemiological and health policy implications
This thesis presents a comprehensive analysis of mortality in Oman in 2010, in terms of
summary indicators of levels of mortality and causes of death. The research underpinning this
thesis comprises a systematic sequence of analyses of population and mortality data over the
past few decades. Chapter two critically examined mortality data and estimates from all
available data sources since 1970, and also presented an in-depth evaluation of the mortality
notification system in place since 2004. Chapters three and four presented the methods and
findings from detailed field research conducted to assess the level of completeness of death
registration as well as the validity of reported causes of death. Findings from field research
were applied in Chapter five to generate a rigorous set of mortality estimates by age, sex and
cause. These estimates need to be further understood in terms of identifying distinctive trends
in population dynamics as well as demographic and epidemiological mortality patterns, which
can help cast a clearer light on health priorities and challenges in Oman. This chapter examines
the research findings in regard to the above mentioned trends, with a view to explore
predictable changes in the burden of disease in the future. Overall, this chapter examines the
key implications of this research according to the following broad themes:
1. This research provides an opportunity for critical comparative analysis of Oman mortality
estimates with other international estimates for Oman.
2. Epidemiological and health policy implications:
2.1.Implications of the patterns of population dynamics, mortality and causes of death in
Oman, for health and population policy. These patterns are examined according to three
broad age-groups: 0-14 years, 15-64 years, and 65+ years.
2.2.Implications of the study that are particular to Oman and other Gulf States, particularly
in regard to comparisons of cause-specific mortality patterns.
3. The research has demonstrated the impact of changes in the birth and death notification
system in Oman, and the health information system more generally.
6.1 Implications of study findings in term of reliability of mortality
estimates for Oman: comparison with other estimates
This section compares the mortality and cause of death estimates from different sources, along
with the specific methodologies implemented to arrive at these estimates. The findings identify
certain key discrepancies in mortality estimates published for Oman by multiple national and
international sources during the past five years, and these are discussed below.
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Table 43 presents data sources and methodologies used by national and international agencies
for calculation of total and cause-specific mortality estimates by age and sex. In general,
estimates can be grouped into two categories: those which are largely based on statistical
models and those derived from adjustments to local data. Until 2008, the World Health
Organization implemented a model life table system that used inputs of child mortality rates
for Oman to estimate total mortality by age and sex [107]. Since 2009, the World Health
Organization has aligned its all-cause estimates with the estimates derived by the United
Nations Population Division, as published in the annual revisions of the world population
prospects reports, and which are based on the United Nations life table estimates [102, 108].
The Global Burden of Disease Study published all-cause mortality estimates for Oman in 2010,
derived using a model life table system with flexible standards (MLTFS) [109].
On the other hand, empirical all-cause mortality estimates have been derived by national
agencies. The National Centre of Statistics and Information (NCSI) in Oman computed and
published an official national life table for 2010. Estimates were based on empirical data from
the 2010 census and deaths registered by age and sex in 2010 in the birth and death notification
system. Further, in this study, the life table was derived using the adjusted numbers of deaths
by age and sex, as per the findings from the completeness study as reported in Chapter three.
The procedures for estimating causes of death are more complex and varied across different
sources. The World Health Organization applied two different methods for deriving estimates
for 2008 and 2009. For 2008, estimates were derived in a two-step process. The first step
involved modeling the proportionate distribution of mortality according to three broad causes.
These causes, communicable diseases, non-communicable diseases, and injuries, were based
on cause of death models (CodMod) that relate total mortality rates to cause-specific mortality
distributions. In the second stage, detailed cause-specific mortality is estimated by fitting a
standard proportionate distribution of detailed causes developed using data from neighboring
countries (Bahrain and Kuwait) [107, 110].
144
Table 43 Data sources and methods for calculating overall and age-standardized mortality estimates as per empirical findings mortality,
unadjusted death data, and other international agencies
Source Year Data source Overall mortality measures and life table Cause specific estimates
Wold Health Organization
(WHO)
2008 Modelled life tables based on UNPD’s
World Population Prospects for 2008
revision.
CodMod, GBD cause-of-death model
Cause of death distribution pattern used Bahrain
and Kuwait, 1997–2001
population UN estimates
Wold Health Organization
(WHO)
2009 Used data from surveys 1972,
1975, 1980, 1985, 1990,
1995, 2000 - 2003, 2005-
2010
Modelled life tables based on UNPD’s
World Population Prospects the 2012
revision, and child mortality estimates
from the UN IGME18
Vital registration data for 2009 adjusted with
generic WHO algorithms for reallocation of
deaths assigned to ill-defined and non-specific
causes of death
Global Burden of Disease
study (IHME)
2010 Used data from surveys 1972,
1975, 1980, 1985, 1990,
1995, 2000 - 2003, 2005-
2010
A new life table for GBD 2010 using a
model life table system with flexible
standards (MLTFS)[109]
CODEm19[111], GBD cause of death model
cause of death
Raw death data 2010 BDNS The life table was constructed using the
Omani deaths by age and sex registered in
BDNS.
The mid-year population was calculated
based on 2010 census by sex and age.
The data of Omani deaths by age and cause were
extracted from BDNS.
The mid-year population calculated based on
2010 census by sex and age has been used.
Age Standardization: (Ahmad et al. 2001. Age
standardization of rates : a new WHO standard)
Empirical findings
mortality
2010 BDNS The life table has been constructed using
the adjusted number of Omani deaths by
age and sex based on the findings of
capture recapture study.
The mid-year population was calculated
based on 2010 census by sex and age.
The data of Omani deaths by age and cause were
corrected as per findings of medical records
review study and capture recaptures study.
The mid-year population calculated based on
2010 census by sex and age has been used.
Age Standardization: (Ahmad et al. 2001. Age
standardization of rates : a new WHO standard)
18 UN IGME: The United Nations Inter-agency Group for Child Mortality Estimation
19 CODEm: Cause of Death Ensumbla Model Methods
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For the first time ever, in 2009, World Health Organization estimates for Oman were based on
vital registration data received from the Oman government. These reported vital registration
data were adjusted using generic algorithms which proportionally reallocated deaths assigned
to ill-defined conditions and non-specific causes such as other heart diseases and other cancers
to specific causes [102].
The Global Burden of Disease Study 2010 used Cause of Death Ensemble model (CODEm) to
estimate cause-specific mortality for all countries, including Oman [111]. The CODEm
independently predicts mortality for each cause (291 causes and injury). The proportionate
distribution for these causes is fitted to the total mortality for all causes, from the life tables,
which were also derived from statistical models. For the latter step, a second algorithm named
CODCorrect is implemented[109]
In contrast, this study generated all cause and cause-specific mortality estimates using local
data, and all adjustments were based on scientific research to quantify and correct for biases in
the data, as reported in Chapters three to five. While there may be some limitations in these
estimates, their strength, in terms of their empirical basis, improves their political relevance
and potential to be used for epidemiology and national public health policy.
Table 44 highlights some of the overall mortality measures produced by the various sources
mentioned above. The impact of the findings of incomplete death registration from the capture
recapture study and subsequent adjustment of mortality rates can be seen in the reduction of
life expectancy at birth by two years. This is largely driven by the lower levels of completeness
at the younger ages (See chapter three). Comparison of these findings with other sources
indicate that these adjusted life expectancies are higher than those estimated by the United
Nations, but somewhat similar to the GBD 2010 estimates.
Table 44 Summary of life tables by sex based on raw death notification, adjusted deaths and
estimates by international agencies, Oman 2010
Raw death data
(2010)
Study findings
(2010)
Global Burden of
Disease Study
2010 (GBD 2010)
World Health
Organization
(WHO) 2010
M F M F M F M F
a) Life expectancy at birth 75.2 81.9 73.7 80.0 73.8 78.9 72 77
b) Adult mortality rate, 15
and 60 years (per 1,000)
150 77 157 82 139 86 157 78
c) Under five mortality 13.4 11.6 21.3 17.3 11.1 12
d) Life expectancy at age
60
22 26 21 24 NA 15 19
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There are also some variations in the other summary mortality indicators from the life tables
from each source. The most remarkable finding from this empirical study is the sharp increase
(40-60%) seen in the estimates of under-five mortality rates derived from the completeness
study as compared to the raw data or from the other sources. This evidence of higher child
mortality rates in comparison to previous local or international estimates suggests the need for
a situational analysis of the health programmes and services provided to mothers and children,
which should be followed by a revised health plan to tackle this issue. Potential reasons for
incomplete death registration at early ages have been mentioned in Chapter three, and these
need to be investigated further, in order to establish a sound basis for mortality measurement
at these ages from vital registration data. Overall, the study findings provide local evidence on
age-sex specific mortality patterns for Oman. Their convergence with mortality measures from
other conventional life table models give confidence in their reliability for use in national health
policy.
In regards to the causes of death, there is a variation in the methodology of estimation across
the three main sources (the findings from this study, and the methods implemented by the
World Health Organization and the Global Burden of Diseases study 2010). Table 45 presents
a comparison of the age-standardized cause-specific death rate per 100,000 populations for
major causes of death across the various sources. In general, it can be seen that the death rates
for specific causes derived from this study differ from those derived from other sources in two
broad dimensions. Firstly, the death rates from cancers, cerebrovascular diseases, and road
traffic accidents are uniformly higher in this study (for both males and females) than the
estimates derived by the World Health Organization or the Global Burden of Disease study
2010. Secondly, the death rates from diabetes and ischaemic heart diseases are uniformly lower
than rates from other sources. The cause-specific death rates derived in this study are a result
of both adjustments to the vital registration data (i.e. corrections resulting from incomplete
death registration) as well as corrections to the reported causes of death as per the validation
study. The empirical basis for deriving these rates provides stronger confidence in their
representation of local mortality patterns, as compared to the death rates derived from
demographic and epidemiological models reported by the other sources.
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Table 45 Age-standardized cause-specific death rates per 100,000 populations for Omanis from various sources during 2008
Cause of Death Males Females
WHO
200820
WHO
200921
GBD
201022
Raw 201023 Oman Empirical
Study24
WHO
2008
WHO 2009 GBD 2010 Raw 2010 Oman empirical
study
All Causes 833 666 703 601 724 553 377 466 419 505
Malignant neoplasms 80 38 65 66 83 72 30 48 52 65
Stomach cancer 7 4 9 7 8 7 2 5 7 8
Colon and rectum cancers 6 2 4 5 6 5 2 3 4 5
Liver cancer 6 6 9 7 8 4 2 3 4 4
Trachea, bronchus, lung cancers 11 5 9 10 12 3 2 3 3 3
Breast cancer - - - - 13 5 9 6 7
Prostate cancer 7 3 5 4 5 - - - - -
Diabetes mellitus 66 58 76 41 47 50 36 55 31 35
Ischaemic heart disease 241 41 137 88 102 103 21 85 54 65
Cerebrovascular disease 59 36 89 75 89 43 22 60 22 60
Chronic obstructive pulmonary disease 16 3 8 10 11 10 2 4 12 13
Road traffic accidents 19 40 68 55 70 6 9 18 22 29
20 112. World Health Organization, -2011. 2008-
21 112. Ibid.
22 GBD2010 - IHME website IHME GBD Data, http://www.healthdata.org/search-gbd-data accessed in 22nd September, 2014)
23 2. National Centre of Statistics and Information, Oman General Census of Popualtion, Housing and Establishments: Third Census - 2010. 2012: Muscat, Oman.
24 2. Ibid.
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6.2 Implications of demographic and epidemiological findings
Rapid economic development has improved infrastructure, water supply, hygiene and
sanitation, access to good quality nutrition, and most importantly, access to modern
curative as well as preventive health services. All of these have contributed to
improvements in life expectancy. There has also been a rapid growth in national population
over the past three decades, which is likely to continue into the near future. Hence, the
findings from this study, in terms of the patterns in mortality at different ages as well as
mortality from different causes of death, need to be placed within the context of the overall
current demographic profile of Oman, as well as the prospective population trends over the
next few decades. The cause of death patterns should also be analysed from a health policy
perspective to guide an understanding of current and future public health and health system
priorities for Oman. These aspects are discussed according to the three broad age groups
in the following sections.
6.2.1 Demographic and mortality patterns in Oman
As discussed in Chapters one and two, Oman has undergone considerable economic and
social transition over the past four decades, and this has been accompanied by changes in
the structure, size and age composition of the population. These demographic changes have
been influenced by both fertility and mortality patterns, which have followed their own
trajectories during this period. While fertility has declined, this has been gradual compared
with the relatively steep declines in child and adult mortality. Similar patterns of change
have been observed in other neighbouring countries such as UAE, Kuwait, and Saudi
Arabia. Compared to other models of demographic change, this ‘Arab Gulf States’ model
is characterised by very rapid population growth [113-115]. As a result, Oman has rapidly
advanced to the late second stage of the demographic transition over a relatively short
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period of three decades. In comparison, European nations experienced the same change
over a century, and East Asian nations over about 60-70 years [116, 117].
The implications of mortality patterns by age are to be understood in light of current and
future population composition by age. These population dynamics will have important
implications for health services planning in Oman, chiefly in terms of health priorities for
the age groups 15-64 years, and for the elderly (> 65 years).
For instance, the impact of population growth is particularly manifested in 15-64 age group
in Figure 19 . Population projections for Oman indicate that this ‘demographic window’
will persist till approximately 2050. During this time, the population of Omani citizens is
expected to increase from the current 1.96 million to about 5 million. The bulk of this
growth will be through an increase in the population aged 15-64 years from the current 0.5
million to roughly 3 million.
Figure 19 Omani age composition estimates (1993, 2003, 2010 censuses) and projections
(2015 to 2050) [118]
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The implications of this population growth are two-fold. Firstly, population growth in the
15-64 year age group will require attention from health promotion and prevention policies,
and where necessary, targeted health services to address specific health problems identified
from this study, including the key risks for premature mortality. As mentioned above, the
size of the population in this age group will continue to grow over the next two decades,
on account of the sustained high fertility as well as improvements in child survival.
Secondly, this increase in the population exposed to mortality risks could lead to higher
numbers of deaths in this working age group, from causes that are mostly avoidable and
preventable. This study identified that the most important causes of death in Omanis aged
15 to 64 years were cardiovascular diseases, external causes of death, most notably road
traffic accidents, diabetes mellitus, and cancer. Hence, the findings from this study will
require specific policies and interventions to address the burden of premature mortality in
this age group.
Another important implication of the current population dynamics operating in Oman is
the potential growth of the elderly population. Figure 20 indicates that the proportion of
Omani population beyond age 65 will grow very slowly from 4% in 2014 reaching to about
11% in 2050. However, the actual numbers of individuals in this age group will rise
exponentially (by about 7 times) over this period, reaching nearly half a million in 2050.
This increase in population will require considerable health services for chronic disease
management, injury prevention and rehabilitation, and other social services related to
health care including mental health and mobility among others. At the same time, policies
will be required to address the burden from mortality in these age groups too. While
cardiovascular disease and cancers dominate the cause of death patterns at this age, and
will continue to do so, other conditions such as diabetes, respiratory disease, renal
disorders, and even skin-related complications (see Chapter four) will need to be addressed
through specific health policies to improve the health of individuals in this age group, and
thereby improve both longevity as well as quality of life.
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Figure 20 Omani age composition estimates (1993, 2003, 2010 censuses) and projected
growth of elderly population (65 years and above), 1993-2050 [118]
A third but potentially less important implication of the study findings arises from the
observations on child mortality. As discussed in chapter five, mortality in the age group 0-
14 years has steadily decreased in last four decades, however, the findings of this research
shows the under-five mortality rate is slightly higher than estimates from both the official
and international estimates. The reasons for this higher estimate are explained in Chapters
two and three and are largely a result of under-reporting of neonatal deaths that occur at
home. However, population projections in Figure 20 indicate that the number of individuals
at ages 0-14 years is likely to increase to about one million by 2020 and remain constant to
2050. This trend indicates that the current burden from mortality at these ages will remain
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cause-specific mortality in this age group, in terms of the leading causes of death being
congenital malformation and perinatal conditions.
Omani literature available on the magnitude and possible factors for such high mortality in
this neonatal age group suggests congenital malformations could mainly be a result of
consanguineous marriages which is a common practice in Omani communities. The 2008
Omani health survey suggested about half of couple are relatives; of these, 40% of them
share 1st cousin relation and about 60% of couples share 2nd cousin relation or higher [26,
27]. Studies have also identified that about 18% of foetal deaths are also attributable to
congenital anomalies. Control of such risk factors requires a change in the behaviour of the
society, which usually happens over relatively long periods.
Currently, there are some initiatives to tackle this issue such as encouraging premarital
screening, include a programme for genetic health in the Ministry of Health five-year plans
for health development, and establishment of a national centre for hereditary and genetic
diseases [98]. The findings from this study underscore the importance of such programmes.
Strengthening the mortality and cause of death reporting system will yield vital information
to monitor this public health problem as well as the impact of health programs and services
to address the burden from congenital malformations.
6.2.2 Epidemiological implications of cause of death patterns
The cause of death patterns observed from this study have important implications for
setting priorities for health services in Oman. Four causes of death represent almost three
quarters of the premature mortality in the age group 15-64 years (See Table 38 in Chapter
five and Appendix H). These are cardiovascular diseases, road traffic accidents, cancers,
and diabetes. More importantly, the magnitude of these specific causes of death also
changes within sub-divisions of this broad age group. For instance, at ages 15 to 40 years,
the majority of the deaths are from road accidents and other external causes. As age
increases, the proportion of people dying from cancer and cardiovascular diseases rises
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sharply. In people aged 50-64, about three quarters of deaths are from cancer or
cardiovascular diseases.
Mortality from road traffic accidents is largely preventable, and public health interventions
have been widely researched across the world. In Oman however, as in other Arab
countries, there is no risk of road traffic accidents from alcohol-related issues, hence the
common public health interventions targeting drink driving are not required [27, 119]. On
the other hand, issues related to driving behaviours, speed control, and road safety
engineering need to be locally investigated, leading to design of specific interventions in
the Omani context rather than direct application of interventions developed from
experience in other countries. Most importantly, recent surveys on health risks [27, 120]
have identified a very low awareness of the dangers of risky driving behaviours such as
speeding or non-use of seat belts, or even the magnitude of injuries and deaths from road
traffic accidents in the country. The findings from this study could be used to highlight the
critical burden from road traffic accident mortality which could then be disseminated
through strong public health messages to raise public awareness of the nature, causes and
potential prevention of such cases. This study has also established improved practices in
the reporting of causes of death, and this will yield more reliable data from the routine birth
and death notification system database for monitoring the burden of premature mortality
from road traffic accidents in the future. The high mortality from road traffic accidents is
also associated with a high number of survivors, who will require specific services for
treatment and rehabilitation
In regard to premature mortality from cardiovascular disease and diabetes, the implications
of this study are important in terms of drawing attention to the potential role of risk factors
such as smoking, dietary habits, physical activity, and other lifestyle factors [27, 36, 121].
Recent surveys have identified the growing prevalence of obesity, diabetes, and
hypertension in the Omani population both among males and females[27]. These risks are
likely to have an impact on cardiovascular disease incidence and mortality into the future.
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Hence, the findings from this study will need to be followed up with more detailed
epidemiological studies to assess specific exposure-outcome relationships, and to design
and implement appropriate clinical interventions and public health programs for prevention
as well as early diagnosis and management of these risks.
Several studies have also identified rising trends in smoking behaviours in Omani males.
The latest demographic health survey (Oman World Health Survey - 2008)  has shown that
the prevalence of current tobacco use is about 14% in Omani  males and less than 1%
among females [26, 27]. While the findings from this research indicate very low mortality
from lung cancer and chronic obstructive lung disease, there is a need to consider anti-
smoking interventions to prevent morbidity and mortality from these conditions in the
future. Finally, research in other countries has identified that the epidemiological transition,
as well as the increase in the aging population, is invariably accompanied by rising burden
from various site specific cancers that can be addressed by prevention and screening
programs (e.g. mammography for breast cancer, pap smear for cervical cancer,
colonoscopy for colorectal cancer etc). Hence, policy initiatives will be required to design
and implement these programs in Oman. Strengthening the mortality and cause of death
reporting system will yield the required information to monitor such outcomes.
The considerable surge in the elderly population (above 65 years) in the coming decades
(Figure 20) should also be examined in the light of current cause-specific mortality patterns
and potential trends into the future. Currently, cardiovascular diseases are the leading cause
of death, but as mentioned above, this is likely to be altered with the increasing burden
from cancers. Given the increased morbidity associated with these conditions, there will
be a need for increased planning for curative services and hospital beds in specialised
centres, as well as improved community care programs to reduce hospitalisation rates
among this population. In particular, this study identified a small but important proportion
of elderly patients who contracted ‘infected bed sores’ which were of sufficient severity to
be associated with terminal events leading to death. Such occurrence is preventable, and
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needs to be addressed through suitable early diagnosis and management, preferably within
the community setting. Similarly, conditions such as pneumonia and septicaemia, which
were observed among the leading causes of death at these ages, also need to be investigated
and followed up through appropriate health care and prevention programs.
6.3 Identifies issues that are particular to Oman and other gulf states
As mentioned earlier, Oman shares patterns of population change with other gulf states, in
terms of trends in fertility, mortality, and population growth. However, the renaissance
period in Oman commenced only in the 1970s, and socio-economic development has been
experienced only for the last 3-4 decades. Improvement in literacy and availability of health
services has also been relatively recent compared to other gulf states. Figure 21 presents a
comparison of age-standardised mortality rates from several important causes with three
other neighbouring countries in the gulf25.
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Figure 21 Age-standardized cause-specific death rates per 100,000 populations in Oman,
Bahrain, Kuwait, and Saudi Arabia (KSA)25 (selected causes of death)
25 ( , Source: IHME website IHME GBD Data,
http://www.healthdata.org/search-gbd-data accessed in 22nd September, 2014)
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There are several key differences noted in cause-specific mortality across these countries,
Firstly, mortality from road traffic accidents is highest in Oman for both males and females.
There is potential for sharing of information on road safety programs with other countries
in order to understand the utility of specific interventions that could be adapted and tested
in Oman. Secondly, there are variations in the mortality rates from stroke, ischaemic heart
disease, and diabetes, implying important differences in the epidemiological patterns
across these countries despite similarities in culture, lifestyle and current health systems.
Examination of risk factors has identified that Oman has the lowest obesity rates, but there
are wide variations in prevalence estimates for diabetes and hypertension [122-124]. One
risk factor for which there is very limited information is physical activity. In summary,
there is a need for rigorous epidemiological studies to characterise the non-communicable
disease trends and exposure-outcome relationships, as well as investigate in greater depth
the patterns of diet and other variables associated with the high burden from these
conditions. In 2014, the Gulf Cooperation Council (GCC) established the GCC Statistical
Centre in Muscat, which includes a section dedicated to the compilation and analysis of
social and health related data from all member states.  High quality mortality and cause of
death data from this study, as well as from improved information systems into the future,
will serve the main objectives of this centre, and enable comparative analysis of these
epidemiological patterns across Gulf States, leading to evidence based strategies for health
programs at national and regional level.
This study conducted a detailed evaluation of Omani registration data for quality
assessment, with subsequent corrections based on empirical findings. The methods and
findings from this research indicate the importance and feasibility of conducting such
research, which should be replicated in other GCC countries, to improve confidence in the
data for comparative analysis.
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6.4 Implications-Birth & Death Notification System and Health
Information System
These research findings have some implications and suggested changes for improvement
to the efficiency and effectiveness of the birth and death notification system in Oman. As
per analysis of this research, the need to improve the quality of data on deaths (including
cause of death) requires sustainable changes in the system. While conducting this research,
several strengths and weaknesses of the birth and death notification system were identified
and analysed. Key implications and priorities derived from the findings of this research on
death notification system in particular, and health information system in general, are
summarized as follows:
6.4.1 Strengthening legal and design elements of death registration
In Oman, the introduction of the vital registration system in 2004 filled a great void for
demographic and vital information about the people of Oman. The findings of this research
show the rapid increase in the absolute number of deaths registered by the system over six
years (2004-2010), and this is an indication of increased efficiency and completeness of
deaths captured by the system. This high completeness of death notification reporting may
be explained by the awareness campaign which promoted the importance of registration
and the accessibility of health services and civil registration across the country. It also
endorsed the practice of having families report their deceased to the nearest institutions.
This research has described the development of current legal framework and the organisational
structure in Oman. Some changes are required to improve the implementation of death
notification and registration. Firstly, as noticed from the field studies, there is a likelihood
that some home deaths will proceed directly to burial without undergoing formal
notification or registration. In this regard, the legal framework could be amended to
mandate a burial permit issued from either a local health institution or local registrar, prior
to burial. This would ensure that families would contact officials to obtain the necessary
159
documents. In turn, this would ensure that the event would be officially reported, and hence
captured, in the birth and death notification database. Secondly, the process of notification
and registration of early neonatal deaths could be modified such that both birth and death
could be registered simultaneously or even using a single form, since the current process
of separate registration of the two events acts as a disincentive. Finally, there is a need to
modify the section of the death notification form used to report causes of death. The current
form should undergo minor modification through addition of extra lines for reporting cause
of death, as well as changes in design and format, to be aligned with the International Form
of Medical Certificate of Cause of Death, as recommended by the World Health
Organization (see Figure 12 in Chapter three and associated text).
6.4.2 Ensuring effective data management
This research exposed some gaps in the data management process of the death notifications
data; there are three main gaps in the system:
Failure of interfaces for tools, technology, and database software: The lack of linkage or
interface between the medical records system (HIMS), birth and death notification system,
and official civil status database has impacted negatively on the quality and completeness
of death notifications. Currently, there is double/triple data entry of death notification in
each of the three independent electronic systems. This creates discrepancies between the
different systems in terms of the total number of deaths and the quality of data entered in
each system.
Within the health institutions, the medical records system and the birth and death
notification databases are independent. Creation of an electronic interface linking these two
systems is urgently needed to reduce the potential for losses during migration of the data
from medical records to the birth and death notification system through manual processes,
which also creates an unnecessary opportunity for error from second data entry. In addition,
small health institutions report their deaths manually using paper notifications that are
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entered into electronic database at the Governorate Health Department, and this will also
need to be addressed through direct electronic linkages with the birth and death notification
system. Finally, the compilation of death notifications into central database is currently
done on a monthly basis via sending dumped files from each standalone computer to the
Department of Health Information and Statistics, this could be transformed into a real-time
data transfer process.
Failure to capture deaths that occur outside the country: This study drew attention to
delays and uncertainty in death notifications reported by Omani missions abroad for deaths
occurring outside the country. Often, there is a delay in reporting from the Civil Status
Office to the birth and death notification system, or a complete failure to report. An
electronic linkage between the two systems will ensure that no data is lost on account of
such instances.
Lack of connectivity between institutions: For brought-in-dead cases, information from
previous medical attention is key to appropriate certification of the causes of death at
notification. In many instances, there is a lack of connectivity between the notifying
institution and other institutions where health care and treatment had previously been
provided to the deceased. As a result, the non-availability of key health records means that
valuable clues to the cause of death are not available to medical certifiers. Hence, the
absence of information on the probable underlying causes leads to certification with ill-
defined or non-specific causes.
In order to overcome the above gaps, an integrated system that links the databases across
all health institutions, as well as with the databases in the Civil Status Office, would be
required, and a proposal for such integration is currently under consideration. Enabling
such integration will contribute to increasing the completeness of death registration. At the
same time, integration will also enable the Civil Status system to retrieve death notification
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reports from the Ministry of Health, even if the deceased relative did not approach Civil
Status for official death registration.
6.4.3 Building capacity in data collection and analysis
This research has identified the importance of enriching the system by developing expertise
in each step of the death notification system process, including data entry staff, treated and
medical certifiers, ICD-10 coders (medical records specialist), statisticians, and
demographers. From the capacity-building process that was necessary to undertake the
analysis of the death dataset of 2010, local expertise for the mortality reporting system has
already been initiated. In particular, we have developed the capacity of physicians to more
reliably certify the cause of death from information generated from the deceased’s records
in the HIMS including medical history, investigations and forty-eight hours death report.
This has been achieved by assigning and training health personnel from different health
institutions, including non-Ministry of Health institution staff, as a governorate team. A
cause of death workshop was carried out to train physicians and coders in the correct
procedure for medical certification of causes of death from available information of the
deceased’s medical record.
During the study, the limitations in data quality from the birth and death notification system
were observed both in terms of quality of general variables (such as age, sex, address), as
well as specific variables such as the causes of death. While the majority of such records
were corrected through this research, there is a need to undertake considerable capacity
building activities among medical records staff, physician certifiers, and coders to ensure
high quality data. The personnel involved in this study form a critical mass of trained
human resources located at most health institutions, governorate health offices, as well as
in the Ministry of Health. It is suggested that training programs should be conducted to
build capacity for these functions to improve the quality in the routine use of the birth and
death information system. In addition, capacity building is also required for regular data
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quality evaluation, and demographic and epidemiological analysis within the Ministry of
Health as well as in collaboration with the Civil Status office and Census department. Such
institutional collaboration will help overall improvement in the completeness and quality
of vital statistics in Oman.
The collaboration between the Ministry of Health and the World Health Organization in
last five years indicates that the Ministry of Health understands that in order to fully benefit
from resources allocated for the birth and death notification system, it must ensure that the
data collected are sufficiently reliable and available for health planning purposes. And as
a result of the process of undertaking this research, the author’s own analytical skill base
has been enhanced and will be available to the Ministry of Health, providing ongoing
assessment of death reporting in Oman, and undertaking ongoing analysis that will be
useful to evaluate the health status and health systems in the country.
6.5 Conclusions
In summary, this research has yielded important information from several perspectives.
The research findings in terms of best estimates of levels of mortality and causes of death
are now available for use in healthy policy and planning. Their strength lies in their
empirical basis, as compared to the model based estimates published from other sources
for Oman. They aid in understanding of the level and distribution of mortality by cause,
age, and sex, highlighting health issues and priorities, and monitoring the change over time.
The implications of these findings have also been discussed in the light of current and
future population dynamics in Oman. They provide baseline data that can be used as
indicators measuring the impact and effectiveness of health programmes or interventions,
some of which have been discussed in relevant sections of this chapter.  In addition, the
data produced can be used as a reliable source and method for measuring the progress
towards achieving national and international health objectives such as national five-year
plans and Millennium Development Goals (MDGs).
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The key implications of this research also include recommendations for strengthening the
routine birth and death notification system. Overall, the conduct of this research has
established a foundation for mortality statistics assessment and analysis in Oman. Future
activities would need to be oriented to monitor the quality of data on mortality from the
system, and adapt to any international developments in data standards or reporting
requirements that could arise over time.
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Chapter Seven
Conclusion and Recommendation for future Research
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Chapter Seven: Conclusion and recommendation for future
research
7.1 Conclusion
This thesis documents the historical development of mortality measurement in Oman, and
presents the first ever empirical estimates of mortality by age, sex, and cause for the
country. The findings from this research have implications for national health policy, as
well as national and international epidemiology. Also, the research processes, involving
both data evaluation and data analysis, have developed capacity and experience in national
staff, which will be useful for strengthening the national health information system.
I conclude my thesis by highlighting the fact that the national death registration system has
a robust structure that is supported by a comprehensive administrative framework.
Although the population of Oman is relatively small, the country has a wide geographical
coverage, and it has been successful to establish a complete network for effective birth and
death registration as well as efficient and timely compilation of vital statistics. As a result,
the overall completeness of death registration in Oman is acceptable, barring the potential
for a very small proportion of elderly deaths that may be missed at registration. There is
also a limitation in the completeness at early ages, which could be addressed by minor
modifications to the legal and administrative components to facilitate accurate reporting
and data sharing of early neonatal deaths that occur in the community. Overall, the national
death registration system can serve as a routine data source for mortality measurement in
Oman.
This research has also clearly established the importance and magnitude of road traffic
accidents, cardiovascular disease, cancers, and diabetes as the priorities for targeted health
programs to reduce/prevent premature mortality in adults. Although there have been good
developments in the Oman health system towards provision of curative services for non-
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communicable diseases, there may be a need to strengthen primary health care and
preventive programs directly targeting risk factors. The burden from road traffic accidents
has been taken up under the Road Safety Research Program since 2013, led by the Research
Council of Oman. Another important conclusion from the study is the recognition of
congenital malformations as a priority issue that may be responsible for the delays in
further declines of under-five mortality rates. This issue is also being addressed by the
National Genetics Centre established by the Ministry of Health. Recommendations for
future research in relation to mortality outcomes from all these priority conditions are
discussed in the next section of this chapter.
In addition to the epidemiological findings, the broader issue identified from this research
lies in the validity of registered causes of death. However, key drivers of this problem, as
well as potential solutions, have been identified by this study. Adequate follow up activities
to implement the recommendations from this research are required to effectively improve
the quality of cause of death data in the near future. Interventions to strengthen data quality,
such as training, data management and other quality assurance elements, should be
accompanied by periodic evaluation and auditing on the quality of medical records, along
with validation of medical certification of causes of death. Integrating different platforms
and electronic systems is necessary for sustained high quality data on cause of death. In
particular, there is a need to apply alternative strategies such as verbal autopsy methods for
investigation of the probable cause of death where events occur in the absence of medical
attention.
The research has contributed in developing a critical mass of human resources to
implement interventions to achieve system improvement in the birth and death notification
system. As an indirect result of this study, now we have research teams in all governorates
that were trained on the methodology of the study including standard medical certification
and coding for physicians and coders. In addition, I am (as PhD candidate and principal
investigator of the study) now fully qualified to conduct similar studies in the future in
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order to measure the improvement of death registration in Oman. In summary, this research
can be considered as the starting initial step toward new era of high standard of mortality
data from death registration in Oman.
7.2 Recommendations for future research
The findings from this research create the need for additional research that should be
undertaken as a follow-up. There are two broad areas for which there is a need for future
research, the first in terms of research activities to improve the quality of cause of death
data from the death notification system, and the second in terms of research on the
utilisation of cause of death data for epidemiology and health policy.
A. Recommended operations research activities to improve mortality data quality
1. Hospital mortality review committees
Currently, all secondary and tertiary hospitals in Oman implement a mortality review
committee, where all deaths that occurred within specified period are discussed. The
terms of reference of such committees needs to be revised to include a role for verifying
all death notification forms to ensure accuracy of cause of death certification. This will
address the current situation of high proportions of ill-defined causes for deaths notified
by health institutions. The committee should discuss in detail the clinical history and
sequence of events, particularly in the case of non-communicable diseases and in the
elderly, and propose the complete and correct listing of causes on the death notification
form. It is recommended that the committee should include a statistician from the
medical records department who will ensure that medical records are updated with the
findings of the review committee, undertake the coding as well as selection of the
underlying cause of death, and make sure that all final decisions are incorporated into
the death notifications and the BNDS database.
2. Brought-dead and home deaths:
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For such cases two strategies have to be developed to collect information. First,
retrieval of medical history of the deceased including previous hospitalization,
diagnostic investigations and OPD visits to different institution is highly required in
the phase of medical certifications of the deceased. Second, since the data on deaths
dead outside hospitals are characterised by incomplete data on cause of death, “verbal
autopsy” questionnaire is recommended. It is also recommended to embed the verbal
autopsy module within electronic medical records System in Health institutions.  A
WHO “verbal autopsy” standard questionnaire is highly recommended for all brought
dead cases. It is recommended that these cases should also be discussed by the mortality
review committee, and undergoes the process of verification and updating of medical
records and death notifications in the BNDS database.
3. Injuries (Road traffic accidents in particular): The quality of causes of death
recorded for RTA needs to be enhanced to ensure two critical data needs;
a. Complete information for detailed coding of external causes. This will
require information on the characteristics of the accident in terms of nature
of vehicle, nature of crash, position of victim etc (e.g. pillion rider of motor
cycle crash with truck).
b. Detailed information on body parts injured for coding of internal causes.
e.g. head injury, chest injury, multiple fractures, blunt abdominal trauma etc
Such detailed coding of external and internal causes, in conjunction with the
demographic characteristics of the victims (e.g. age and sex) is essential for accurate
and in-depth analysis of the causes of traffic crashes and traffic fatalities.
B. Research to strengthen epidemiology and health policy
Improved quality of data could be utilised in conducting further research to guide
in-depth investigation of clinical as well as public health topics. This would require
the availability of BNDS datasets to researchers in academic institutions, health
169
services institutions, and policy and planning departments. The Oman Research
Council could play a role in facilitating such activities through formal mechanisms
for research proposals, capacity building, and dissemination of research outputs.
1. Multiple cause of death analysis
The current practice of implementation of cause of death certification in Oman has
created the basis for availability of information on multiple causes of death. This
will be further developed through the introduction of the proposed modification to
have four lines for the causal sequence of deaths in Part 1, and two lines in Part 2
[93]. to understand the causal relationships and associations between co-morbid
conditions [125]. For instance, the relationships between ischaemic heart disease
and hypertension, stroke and hypertension, and all of the above with diabetes are
issues of clinical as well as public health importance, for curative and preventive
strategies. Diabetes is also better analysed using multiple causes in terms of
mortality from complications such as renal failure, infected foot ulcers,
septicaemia, and other metabolic disorders. Multiple causes are also useful in
analysis of immediate causes of death such as acute haemorrhage, or hospital based
infection. Reports on such multiple cause analysis would be useful to guide hospital
practices as well[126, 127].
2. Data sharing with disease-specific registries
Good quality mortality data from the BNDS database could be shared with other
routine data collection mechanisms for specific diseases or health programs in
Oman. Such data sharing will enable cross checking and verification of important
variables including the cause of death, and will also permit the analysis of mortality
outcomes according to various explanatory variables / covariates[128]. Such
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analytical research will be useful for understanding the provision of health services
for specific target populations. For instance, the maternal and child health program
maintains a comprehensive database on neonatal care, immunization, growth
monitoring etc, which could be analysed in regard to mortality outcomes. Also,
sharing of mortality data with the cancer registries would be useful to improve the
information on morphology and histological types of various cancers, and such data
can be used by cancer researchers in clinical and epidemiological studies. From a
more specialised aspect, the issue of mortality from congenital malformations could
also benefit from data sharing between the BNDS database and genetic disease
registry, to enable more detailed autopsy study analysis, and genetic
epidemiological studies.
3. Road safety research program database
Enhanced data on road traffic accident mortality could also be shared with the road
safety research program database, for more detailed analysis. The road safety
program has listed several research priorities including the need to map road traffic
accidents across the country to quantify their geographical patterns, as well as
analyse mortality in relation to road characteristics and traffic operation issues.
Data sharing will also help assess issues such as pre-hospital trauma care, and
access to accident and emergency hospital services. Availability of comprehensive
data could also be useful for social studies research on driving behaviours, impact
of road traffic due to mortality and morbidity on families, among others.
4. Health policy and systems research
The availability of good quality information on multiple causes of death will also
enable secondary analysis of such mortality outcomes to understand their
relationship with common health risk exposures such as smoking, diet, obesity,
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physical activity etc. Data on exposures is available from various surveys
conducted in Oman during the past decade, and such analysis will also help in
predicting future mortality risk based on trends in exposures.
At another level, the available mortality data could also be analysed in depth across
geographical and administrative sub divisions of the country, to guide health
service provision and evaluation of health programs. Also, analysis could be
conducted for various socio-economic and tribal sub groups in the country, to
understand whether there are any differentials that may need to be addressed
through specific health policies or health services.
In conclusion, this thesis demonstrates the feasibility in utilising vital registration data for
estimating mortality in Oman. The research methods for data collection and analysis have
established a benchmark for mortality measurement and estimation, and could be applied
periodically over the coming years. The findings from these mortality estimation activities
should be followed up with dissemination activities to inform policy analysts and public
health professionals, to ensure their utilisation. Finally, similar research to evaluate data
quality and guide data utilisation should be conducted on a periodic basis in other Gulf
Cooperation Council states (and potentially other countries in the Middle East region)
which share similar health system characteristics, and to enable comparative analysis to
address potentially common health problems. The documentation of this research provides
a basis for capacity building for such activities, and will help the improvement and
utilisation of data on levels of mortality and causes of death across the region in the near
future.
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Appendix A: Death Notification form
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Appendix B: Two-sources model
1. Two source Capture-Recapture calculations for completeness as
shown by Hook & Regal, 1995
(Source: Hook & Regal, 1995[70])
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2. Chandra-Sekaran-Deming formula for calculating the Variance
An estimate of the variance of N can be calculated using the following formula:Var(N) = .
Where:p1 = , p2 = ,  and p1 + q1 = p2 + q2 = 1
Thus, 95 confidence intervals (CIs) of N can be calculated using the formula:95 CI = N ± 1.96 Var(N)
The formula of p1 gives the estimated completeness of death registration. Thus, the under-
registration (U) could be estimated from:1 − p1 or (q1)
And the variance of registration Var(p1) and under-reporting Var(q1)  can be calculated
by:Var(p1) = ( )× ,Var(q1) = P1(1 − p1)N × (1 − p1)
(Source: Chandra-Sekaran-Deming formula,1949, [69])
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Appendix C: ICD 10 Mortality Tabulation 1
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code Detailed List Numbers Cause
1000 All causes
1001 A00-B99 Certain infectious and parasitic diseases
1002 A00 Cholera
1003 A09 Diarrhoea and gastroenteritis of presumed infectious origin
1004 A01-A08 Other intestinal infectious diseases
1005 A15-A16 Respiratory tuberculosis
1006 A17-A19 Other tuberculosis
1007 A20 Plague
1008 A33-A35 Tetanus
1009 A36 Diphtheria
1010 A37 Whooping cough
1011 A39 Meningococcal infection
1012 A40-A41 Septicaemia
1013 A50-A64 Infections with a predominantly sexual mode of
transmission
1014 A80 Acute poliomyelitis
1015 A82 Rabies
1016 A95 Yellow fever
1017 A90-A94, A96-A99 Other arthropod-borne viral fevers and viral haemorrhagic
fevers
1018 B05 Measles
1019 B15-B19 Viral hepatitis
1020 B20-B24 Human immunodeficiency virus [HIV] disease
1021 B50-B54 Malaria
1022 B55 Leishmaniasis
1023 B56-B57 Trypanosomiasis
1024 B65 Schistosomiasis
1025 A21-A32, A38, A42-A49, A65-A79,
A81, A83-A89, B00-B04, B06-B09,
B25-B49, B58-B64, B66-B94, B99
Remainder of certain infectious and parasitic diseases
1026 C00-D48 Neoplasms
1027 C00-C14 Malignant neoplasm of lip, oral cavity and pharynx
1028 C15 Malignant neoplasm of oesophagus
1029 C16 Malignant neoplasm of stomach
1030 C18-C21 Malignant neoplasm of colon, rectum and anus
1031 C22 Malignant neoplasm of liver and intrahepatic bile ducts
1032 C25 Malignant neoplasm of pancreas
1033 C32 Malignant neoplasm of larynx
1034 C33-C34 Malignant neoplasm of trachea, bronchus and lung
1035 C43 Malignant melanoma of skin
1036 C50 Malignant neoplasm of breast
1037 C53 Malignant neoplasm of cervix uteri
1038 C54-C55 Malignant neoplasm of other and unspecified parts of uterus
1039 C56 Malignant neoplasm of ovary
1040 C61 Malignant neoplasm of prostate
1041 C67 Malignant neoplasm of bladder
1042 C70-C72 Malignant neoplasm of meninges, brain and other parts of
central nervous system
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1043 C82-C85 Non-Hodgkin's lymphoma
1044 C90 Multiple myeloma and malignant plasma cell neoplasms
1045 C91-C95 Leukaemia
1046 C17, C23-C24, C26-C31, C37-C41,
C44-C49, C51-C52, C57-C60, C62-
C66,C68-C69,C73-C81,C88,C96-C97
Remainder of malignant neoplasms
1047 D00-D48 Remainder of neoplasms
1048 D50-D89 Diseases of the blood and blood-forming organs and certain
disorders involving the immune mechanism
1049 D50-D64 Anaemias
1050 D65-D89 Remainder of diseases of the blood and blood-forming
organs and certain disorders involving the immune
mechanism
1051 E00-E88 Endocrine, nutritional and metabolic diseases
1052 E10-E14 Diabetes mellitus
1053 E40-E46 Malnutrition
1054 E00-E07, E15-E34, E50-E88 Remainder of endocrine, nutritional and metabolic diseases
1055 F01-F99 Mental and behavioural disorders
1056 F10-F19 Mental and behavioural disorders due to psychoactive
substance use
1057 F20-F99 Remainder of mental and behavioural disorders
1058 G00-G98 Diseases of the nervous system
1059 G00, G03 Meningitis
1060 G30 Alzheimer's disease
1061 G04-G25, G31-G98 Remainder of diseases of the nervous system
1062 H00-H57 Diseases of the eye and adnexa
1063 H60-H93 Diseases of the ear and mastoid process
1064 I00-I99 Diseases of the circulatory system
1065 I00-I09 Acute rheumatic fever and chronic rheumatic heart diseases
1066 I10-I13 Hypertensive diseases
1067 I20-I25 Ischaemic heart diseases
1068 I26-I51 Other heart diseases
1069 I60-I69 Cerebrovascular diseases
1070 I70 Atherosclerosis
1071 I71-I99 Remainder of diseases of the circulatory system
1072 J00-J98 Diseases of the respiratory system
1073 J10-J11 Influenza
1074 J12-J18 Pneumonia
1075 J20-J22 Other acute lower respiratory infections
1076 J40-J47 Chronic lower respiratory diseases
1077 J00-J06, J30-J39, J60-J98 Remainder of diseases of the respiratory system
1078 K00-K92 Diseases of the digestive system
1079 K25-K27 Gastric and duodenal ulcer
1080 K70-K76 Diseases of the liver
1081 K00-K22, K28-K66, K80-K92 Remainder of diseases of the digestive system
1082 L00-L98 Diseases of the skin and subcutaneous tissue
1083 M00-M99 Diseases of the musculoskeletal system and connective
tissue
1084 N00-N98 Diseases of the genitourinary system
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1085 N00-N15 Glomerular and renal tubulo-interstitial diseases
1086 N17-N98 Remainder of diseases of the genitourinary system
1087 O00-O99 Pregnancy, childbirth and the puerperium
1088 O00-O07 Pregnancy with abortive outcome
1089 O10-O92 Other direct obstetric deaths
1090 O98-O99 Indirect obstetric deaths
1091 O95-O97 Remainder of pregnancy, childbirth and the puerperium
1092 P00-P96 Certain conditions originating in the perinatal period
1093 Q00-Q99 Congenital malformations, deformations and chromosomal
abnormalities
1094 R00-R99 Symptoms, signs and abnormal clinical and laboratory
findings, not elsewhere classified
1095 V01-Y89 External causes of morbidity and mortality
1096 V01-V99 Transport accidents
1097 W00-W19 Falls
1098 W65-W74 Accidental drowning and submersion
1099 X00-X09 Exposure to smoke, fire and flames
1100 X40-X49 Accidental poisoning by and exposure to noxious
substances
1101 X60-X84 Intentional self-harm
1102 X85-Y09 Assault
1103 W20-W64, W75-W99, X10-X39,
X50-X59, Y10-Y89
All other external causes
(Source: ICD-10: International Statistical Classification of Diseases and Related Health
Problems, Tenth revision. Vol. 2. 2004, Geneva: World Health Organization[53])
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Appendix D: Review and Coding sheet
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Appendix E: Medical record review handbook
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DRAFT PROCEDURES MANUAL
OMAN MEDICAL RECORD
REVIEW
CODING AND GENERAL PROCEDURES
UNIVERSITY OF QLD / OMAN MINISTRY OF HEALTH
Adapted from similar studies by Salah Al Muzahmi
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Introduction
The purpose of this study is to review underlying causes of death to provide an overview of the
major health problems causing premature deaths in Oman. This study will help both resource
allocation and improving data collections.
The data extracted from the medical records file will be reviewed by a doctor who will assign
underlying and contributory causes of death based on this information. Causes will then be
compared to the death certificate and the data used to complement this information to develop
a complete picture of causes of death in Oman.
Privacy Issues
The confidential nature of the data must be respected at all times during the study, and all data
must be de-identified before leaving Oman. De-identification will be done by matching a study
number to each case. The master list will remain in the Department of Health Information and
Statistics –Oman ministry of Health (DHIS) and is to be password protected. Hard copies of this
list will be provided for data extraction, and must be returned to (DHIS) once complete. (DHIS)
will ensure details of the completed records are marked against the master sheet and that the
hard copy is destroyed.
STUDY PROCEDURES
1) For (DHIS) staff at  the Ministry Level
Creation of the master list will be done by one person in the HIS section of the Oman Ministry
of Health to protect privacy.
Use the following instructions to create the master list and associated de-identified files:
Pull up copy of Death records in birth and death database of all deaths for 2010 (Include all
fields at this stage)
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Kept
- All deaths among Omani citizens
- All deaths in Regional and Wilayat hospital belongs to MOH or brought-in dead to those
hospitals
- All deaths reported by local hospitals / Health centres / Extended health centres
- All deaths reported by Non MOH institutions
Removed
- All deaths reported by Wali Office or Omani missions abroad
Randomly sort all remaining records and add a new column for STUDY_ID. Assign each death a 4-
digit number (you can use the drag and fill function in excel – but not formulas)
Save 2 copies of this ﬁle
1. MASTER LIST
Keep only variables: STUDY_ID, Registration Number, PATIENT_NO (Hospital Number), FIRST
NAME, SURNAME, AGE, DATE OF BIRTH and DATE OF DEATH. Empty variables for Sent,
Returned, and Complete should also be added. This file is to be locked and kept only by
Principal investigator (PhD candidate).
For data extraction – sort by hospital and print list for each hospital for data extraction (list
per week rather than all at once). This should be provided in hard copy only to the Data
extractor and returned once the data has been extracted. Salah is to check that lists have been
returned and to ensure hard copies are destroyed.
2. DEATH Notification file
Keep only variables:  STUDY_ID, Village, Wilayat, Region, Place of death (hospital vs
community) and AGE (using variable names already in the system)
File to be kept by Suleiman and copy to Salah (this is de-identified data only)
3. RESULTS FILE
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Create another empty spreadsheet called MRResults with variables STUDY ID, Study Cause 1
(Text + ICD Code), Study Cause 2 (Text + ICD Code), Study Cause 3 (Text + ICD Code), Study
2) Instructions for Doctors
Doctors are required to retrieve the relevance information from the Electronic f Collection Form
contains an extract of the case details as shown on the medical record (without reference to any
other data sources). Data needed might extracted the following sections of Medical Records:
1/ General/ demographic details
2/ Hospital/ admission details
3/ Details of female deaths (aged > 10 years)
4/ Details of injury-related deaths
5/ Case history including:
o Most recent illness
o Chronic disease history
o Previous surgery
Please use the information provided to make a clinical judgment about the sequence of causes
that resulted in the death, as well as whether there were any additional causes that did not
contribute directly to this sequence. You will be asked to note these causes. Please do not write
in the section of the sheet marked “Coding” . It strongly recommended to use all of the relevant
information on the medical records to assist you to make this decision, missing information is
most likely to result from a lack of detail in the original records.  Please Record the study ID on
the form AND fill the form given by sequence of causes as well as whether there were any
additional causes that did not contribute directly to this sequence and the onset date of each
condition as well. Note your initials and the date you completed the review.
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3) Instructions for Coders
1.1 Review the data that have been entered by doctors.
1.2 Indicate the IMMEDIATE cause of death. This is the cause that directly resulted in the
death (i.e. “stroke”). Please note that this field should not include text such as “cardio-
respiratory arrest” or “stopped breathing”. Record only one cause per line.
1.3 If there is one, record the cause of death. In other words, the cause of death listed occurred
DUE TO the one listed here. This is the PRECIPITATORY cause of death. Record only
one cause per line.
1.4 Continuing this sequence, if there was a further underlying cause of death that led directly
to the cause listed (c), please record it here. This should be there overall UNDERLYING
cause of death. Record only one cause per line.
1.5 Record any conditions that may have contributed to the death but were did not directly
result in the sequence recorded above in (b-d). Record only one cause per line.
1.6 Assign the category with letters (U-Underlying; D-Direct; I- Intermediate; O-Other (for I &
O they could be extended, e.g., I1, I2…,,, O1, O2….)
1.7 Code each cause of death using ICD 10, following the sequence as you would for a medical
certificate of death. The code should be written onto the space provided in the form.
1.8 Note your initials and the date you completed the review.
You will be given a copy of the Review and Coding Sheet for each case.
4) Administration Issues
MONTHLY TASKS FOR MOH CO_INVESTIGATOR
 Provide a list to the data collectors at the beginning of each Month of records to be
reviewed.
 At the end of the Month collect the paper lists, check the completed records marked on the
sheet against the completed forms, mark the completed records on the Master sheet.
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 E-mail DHIS  to advise number completed.
 At the end of every Month collect the completed forms and photocopy the forms and mail
the original to DHIS by ministry mail.
OTHER TASKS
 For each batch of coversheets returned for coding, mark the sheets returned against their
study ID numbers on the Master Sheet.
 Provide the coversheets to MR for coding and entry into the Record Review Results File.
 Once entered, mark the ID number as complete in the Master Sheet.
 E-mail a copy of the MR Results to DHIS as progress is made
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Appendix F: Standard loss functions used in Global Burden of
Disease studies
GBD 1990 age-
weighted, discounted
GBD 1990 no age-
weights or discounting
GBD
2010
WHO
GHE
Age range Male Female Male Female Persons Perso
nsNeonatal 33.27 33.38 79.94 82.43 86.01 91.93
Postneonatal 34.22 34.34 78.85 81.36 85.68 91.55
1-4 35.17 35.29 77.77 80.28 83.63 89.41
5-9 37.22 37.36 72.89 75.47 78.76 84.52
10-14 37.31 37.47 67.91 70.51 73.79 79.53
15-19 36.02 36.22 62.93 65.55 68.83 74.54
20-24 33.84 34.08 57.95 60.63 63.88 69.57
25-29 31.11 31.39 52.99 55.72 58.94 64.60
30-34 28.08 28.40 48.04 50.83 54.00 59.63
35-39 24.91 25.30 43.10 45.96 49.09 54.67
40-44 21.74 22.19 38.20 41.13 44.23 49.73
45-49 18.63 19.16 33.38 36.36 39.43 44.81
50-54 15.65 16.26 28.66 31.68 34.72 39.92
55-59 12.82 13.52 24.07 27.10 30.10 35.07
60-64 10.19 10.96 19.65 22.64 25.55 30.25
65-69 7.80 8.60 15.54 18.32 21.12 25.49
70-74 5.71 6.45 11.87 14.24 16.78 20.77
75-79 4.00 4.59 8.81 10.59 12.85 16.43
80-84 2.68 3.09 6.34 7.56 9.34 12.51
85+ 1.37 1.23 3.82 3.59 5.05 7.60
(Source: WHO methods and data sourcesforglobalburden of disease estimates 2000-2011, WHO website,
http://www.who.int/healthinfo/global_burden_disease/data_sources_methods/en/, Last accessed on 22nd
September, 2014)
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Appendix G: Oman revised life Table
Males
95% CI of LE
i xi xi£x<xi+1 ni ai Pi Di Mi qi pi li di Li Ti êi Lower Upper
0 0 0 1.0 0.10 26,582 430 0.016177 0.0159445 0.984056 100000 1594 98565 7372849 73.73 73.29 74.17
1 1 1-4 4.0 0.50 106,326 108 0.001016 0.0040547 0.995945 98406 399 392824 7274284 73.92 73.49 74.36
2 5 5-9 5.0 0.50 107,418 111 0.001033 0.0051534 0.994847 98007 505 488770 6881460 70.21 69.78 70.65
3 10 10-14 5.0 0.50 107,667 33 0.000307 0.0015313 0.998469 97501 149 487134 6392690 65.57 65.13 66.00
4 15 15-19 5.0 0.50 123,606 123 0.000995 0.0049631 0.995037 97352 483 485553 5905556 60.66 60.23 61.09
5 20 20-24 5.0 0.50 121,726 180 0.001479 0.0073664 0.992634 96869 714 482561 5420003 55.95 55.52 56.38
6 25 25-29 5.0 0.50 102,246 143 0.001399 0.0069686 0.993031 96155 670 479102 4937442 51.35 50.92 51.78
7 30 30-34 5.0 0.50 75,182 103 0.001370 0.0068267 0.993173 95485 652 475797 4458340 46.69 46.26 47.12
8 35 35-39 5.0 0.50 50,742 82 0.001616 0.0080476 0.991952 94834 763 472260 3982543 42.00 41.57 42.42
9 40 40-44 5.0 0.50 36,104 102 0.002825 0.0140268 0.985973 94070 1320 467053 3510283 37.32 36.89 37.74
10 45 45-49 5.0 0.50 28,871 118 0.004087 0.0202290 0.979771 92751 1876 459063 3043230 32.81 32.39 33.23
11 50 50-54 5.0 0.50 24,282 171 0.007042 0.0346021 0.965398 90875 3144 446512 2584167 28.44 28.02 28.85
12 55 55-59 5.0 0.50 16,968 180 0.010608 0.0516707 0.948329 87730 4533 427318 2137655 24.37 23.96 24.77
13 60 60-64 5.0 0.50 16,147 360 0.022295 0.1055904 0.894410 83197 8785 394023 1710337 20.56 20.17 20.94
14 65 65-69 5.0 0.50 11,537 295 0.025570 0.1201678 0.879832 74412 8942 349706 1316314 17.69 17.33 18.05
15 70 70-74 5.0 0.50 11,084 437 0.039426 0.1794440 0.820556 65470 11748 297981 966608 14.76 14.44 15.09
16 75 75-79 5.0 0.50 5,376 232 0.043155 0.1947616 0.805238 53722 10463 242453 668627 12.45 12.16 12.73
17 80 80+ 5.0 0.50 6,709 681 0.101505 1.0000000 0.000000 43259 43259 426175 426175 9.85 9.79 9.91
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Females
95% CI of LE
i xi xi£x<xi+1 ni ai Pi Di Mi qi pi li di Li Ti êi Lower Upper
0 0 0 1.0 0.10 25,485 317 0.012439 0.0123012 0.987699 100000 1230 98893 7994726 79.95 79.46 80.43
1 1 1-4 4.0 0.50 101,938 79 0.000775 0.0030951 0.996905 98770 306 394468 7895833 79.94 79.46 80.42
2 5 5-9 5.0 0.50 103,849 49 0.000472 0.0023564 0.997644 98464 232 491741 7501365 76.18 75.71 76.66
3 10 10-14 5.0 0.50 103,056 31 0.000301 0.0015029 0.998497 98232 148 490792 7009624 71.36 70.88 71.83
4 15 15-19 5.0 0.50 117,382 45 0.000383 0.0019150 0.998085 98085 188 489953 6518832 66.46 65.99 66.94
5 20 20-24 5.0 0.50 115,848 53 0.000457 0.0022849 0.997715 97897 224 488924 6028879 61.58 61.11 62.06
6 25 25-29 5.0 0.50 101,433 53 0.000523 0.0026092 0.997391 97673 255 487728 5539955 56.72 56.25 57.19
7 30 30-34 5.0 0.50 75,806 45 0.000594 0.0029637 0.997036 97418 289 486369 5052227 51.86 51.39 52.33
8 35 35-39 5.0 0.50 49,461 40 0.000809 0.0040354 0.995965 97129 392 484667 4565858 47.01 46.53 47.48
9 40 40-44 5.0 0.50 36,025 48 0.001332 0.0066399 0.993360 96737 642 482082 4081191 42.19 41.72 42.66
10 45 45-49 5.0 0.50 29,717 73 0.002457 0.0122076 0.987792 96095 1173 477543 3599109 37.45 36.98 37.92
11 50 50-54 5.0 0.50 27,205 114 0.004190 0.0207348 0.979265 94922 1968 469690 3121566 32.89 32.42 33.35
12 55 55-59 5.0 0.50 18,747 99 0.005281 0.0260602 0.973940 92954 2422 458713 2651876 28.53 28.07 28.99
13 60 60-64 5.0 0.50 15,923 200 0.012560 0.0608902 0.939110 90531 5512 438876 2193163 24.23 23.78 24.68
14 65 65-69 5.0 0.50 10,916 188 0.017222 0.0825575 0.917442 85019 7019 407548 1754287 20.63 20.20 21.07
15 70 70-74 5.0 0.50 9,484 326 0.034374 0.1582678 0.841732 78000 12345 359138 1346739 17.27 16.86 17.67
16 75 75-79 5.0 0.50 4,826 188 0.038956 0.1774924 0.822508 65655 11653 299143 987601 15.04 14.69 15.40
17 80 80+ 5.0 0.50 7,917 621 0.078439 1.0000000 0.000000 54002 54002 688458 688458 12.75 12.70 12.80
Where:
i Age Interval Index ai Fraction of Last Age Interval Of Life qi Probability Of Dying In Interval
xi Age At Start Of Interval Pi Population Years At Risk pi Probability Of Surviving Interval
xi£x<xi+1 Age Interval Di Number Of Deaths In Interval li Number Alive At Start Of Interval
ni Interval Width Mi Death Rate In Interval di Number Dying In Interval
Li Number Of Years Lived in Interval Ti Total Number Of Years Lived Beyond Start OfInterval êi Observed Expectation Of Life At Start Of Interval
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Appendix H: Final estimates of underlying causes of death in Oman – 2010
Males Females Grand Total
103
List
code
Text 0-14 15-64 65+ Total 0-14 15-64 65+ Total
1 Certain infectious and parasitic diseases 28 65 61 154 15 22 48 85 239
2 Cholera 0 0 0 0 0 0 0 0 0
3 Diarrhoea / gastroenteritis of infectious origin 6 9 5 20 0 0 6 6 26
4 Other intestinal infectious diseases 0 1 0 1 0 0 0 0 1
5 Respiratory tuberculosis 0 1 8 9 0 3 1 4 13
6 Other tuberculosis 0 0 2 2 0 0 0 0 2
7 Plague 0 0 0 0 0 0 0 0 0
8 Tetanus 0 0 0 0 0 0 0 0 0
9 Diphtheria 0 0 0 0 0 0 0 0 0
10 Whooping cough 0 0 0 0 0 0 0 0 0
11 Meningococcal infection 0 0 0 0 0 0 0 0 0
12 Septicaemia 15 13 16 44 4 7 26 37 81
13 Sexually transmitted infections 0 0 0 0 0 0 0 0 0
14 Acute poliomyelitis 0 0 0 0 0 0 0 0 0
15 Rabies 0 0 0 0 0 0 0 0 0
16 Yellow fever 0 0 0 0 0 0 0 0 0
17 Other arthropod-borne viral fevers 0 0 0 0 0 0 0 0 0
18 Measles 0 0 0 0 0 0 0 0 0
19 Viral hepatitis 2 10 9 21 2 4 6 12 33
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Males Females Grand Total
103
List
code
Text 0-14 15-64 65+ Total 0-14 15-64 65+ Total
20 HIV disease 1 15 8 24 5 6 0 11 35
21 Malaria 0 0 0 0 0 0 0 0 0
22 Leishmaniasis 0 0 0 0 0 0 0 0 0
23 Trypanosomiasis 0 0 0 0 0 0 0 0 0
24 Schistosomiasis 0 0 0 0 0 0 0 0 0
25 Other infectious and parasitic diseases 4 16 13 33 4 2 9 15 48
26 Neoplasms 53 161 200 414 28 131 170 329 787
27 Lip, oral cavity and pharyngeal cancer 0 4 9 13 1 2 8 11 24
28 Oesophageal cancer 0 1 3 4 0 1 5 6 10
29 Stomach cancer 8 14 20 42 3 13 22 38 80
30 Cancer of colon, rectum and anus 4 11 15 30 2 13 12 27 57
31 Liver cancer 5 16 17 38 1 7 13 21 59
32 Pancreatic cancer 0 9 11 20 1 8 11 20 40
33 Laryngeal cancer 0 2 1 3 0 1 0 1 4
34 Trachea, bronchus and lung cancer 2 20 32 54 4 3 7 14 68
35 Skin cancer 0 0 0 0 0 0 1 1 1
36 Breast cancer 0 0 0 0 1 20 13 34 34
37 Cervix cancer 0 0 0 0 0 5 1 6 6
38 Other uterine cancer 0 0 0 0 0 0 8 8 8
39 Ovarian cancer 0 0 0 0 0 3 7 10 10
40 Prostate cancer 0 4 20 24 0 0 0 0 24
41 Bladder cancer 0 6 8 14 0 3 5 8 22
42 Brain cancer 10 13 7 30 2 3 4 9 39
43 Non-Hodgkin's lymphoma 2 12 6 20 3 7 2 12 32
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Males Females Grand Total
103
List
code
Text 0-14 15-64 65+ Total 0-14 15-64 65+ Total
44 Multiple myeloma 0 3 1 4 0 0 3 3 7
45 Leukaemia 5 5 9 19 2 3 6 11 30
46 Other malignant neoplasms 13 38 39 90 8 34 34 76 166
47 Remainder of neoplasms 4 3 2 9 0 5 8 13 22
48 Blood and immune disorders 4 13 6 23 5 8 8 21 44
49 Anaemia 2 8 4 14 5 6 7 18 32
50 Other blood and immune disorders 2 5 2 9 0 2 1 3 12
51 Endocrine, nutritional and metabolic diseases 23 107 134 264 13 46 129 188 452
52 Diabetes mellitus 5 93 120 218 6 39 116 161 379
53 Malnutrition 1 0 0 1 0 3 1 4 5
54 Other endocrine, metabolic and nutritional diseases 17 14 14 45 7 4 12 23 68
55 Mental and behavioural disorders 1 13 9 23 0 2 9 11 34
56 Substance abuse disorders 0 9 2 11 0 1 1 2 13
57 Other mental and behavioural disorders 1 4 7 12 0 1 8 9 21
58 Diseases of the nervous system 37 26 30 93 28 17 22 67 160
59 Meningitis 1 3 2 6 0 1 1 2 8
60 Alzheimer's disease 0 2 3 5 0 1 2 3 8
61 Other diseases of the nervous system 36 21 25 82 28 15 19 62 144
62 Diseases of the eye and adnexa 0 1 0 1 0 1 0 1 2
63 Diseases of the ear and mastoid process 0 0 0
64 Diseases of the circulatory system 70 439 682 1191 55 151 604 810 2001
65 Acute rheumatic fever and chronic rheumatic heart
disease
0 4 2 6 0 1 2 3 9
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Males Females Grand Total
103
List
code
Text 0-14 15-64 65+ Total 0-14 15-64 65+ Total
66 Hypertensive diseases 1 20 21 42 4 12 20 36 78
67 Ischaemic heart diseases 19 207 250 476 26 55 229 310 786
68 Other heart diseases 20 69 132 221 11 24 120 155 376
69 Cerebrovascular diseases 29 124 266 419 14 57 209 280 699
70 Atherosclerosis 0 1 3 4 0 0 8 8 12
71 Other diseases of the circulatory system 1 14 8 23 0 2 16 18 41
72 Diseases of the respiratory system 31 65 179 275 29 38 156 223 498
73 Influenza 0 4 2 6 2 3 1 6 12
74 Pneumonia 16 27 94 137 13 13 63 89 226
75 Other acute lower respiratory infections 1 2 2 5 0 0 1 1 6
76 Chronic lower respiratory diseases 0 14 35 49 2 10 46 58 107
77 Other diseases of the respiratory system 14 18 46 78 12 12 45 69 147
78 Diseases of the digestive system 9 44 49 102 6 22 51 79 181
79 Gastric and duodenal ulcer 1 2 5 8 2 0 4 6 14
80 Diseases of the liver 6 27 27 60 2 9 25 36 96
81 Other diseases of the digestive system 2 15 17 34 2 13 22 37 71
82 Diseases of the skin 0 4 37 41 4 3 29 36 77
83 Musculoskeletal diseases 4 5 8 17 0 7 9 16 33
84 Diseases of the genitourinary system 20 24 67 111 9 13 54 76 187
85 Kidney diseases 6 0 4 10 0 0 0 0 10
86 Other genitourinary diseases 14 24 63 101 9 13 54 76 177
87 Pregnancy, childbirth and the puerperium 0 0 0 0 0 8 0 8 8
88 Pregnancy with abortive outcome 0 0 0 0 0 0
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Males Females Grand Total
103
List
code
Text 0-14 15-64 65+ Total 0-14 15-64 65+ Total
89 Other direct obstetric deaths 0 0 8 0 8 8
90 Indirect obstetric deaths 0 0 0 0 0 0
91 Other maternal deaths 0 0 0 0 0 0
92 Perinatal conditions 109 0 0 109 77 0 0 77 186
93 Congenital malformations 113 0 0 113 104 0 0 104 217
94 Symptoms and ill-defined conditions 36 171 143 350 27 39 219 285 635
95 External causes of morbidity and mortality 169 482 102 753 102 86 96 284 1037
96 Transport accidents 89 400 75 564 63 71 69 203 767
97 Falls 15 7 6 28 0 0 7 7 35
98 Accidental drowning 34 18 4 56 18 6 2 26 82
99 Exposure to smoke, fire and flames 0 4 1 5 4 0 2 6 11
100 Accidental poisoning 0 0 0
101 Intentional self-harm 0 14 2 16 0 1 2 3 19
102 Assault 1 4 1 6 3 0 0 3 9
103 All other external causes 30 35 13 78 14 8 14 36 114
Grand Total 707 1620 1707 4034 502 594 1604 2700 6734
Appendix I: Final estimates of total years of life lost (YLL)
according to underlying causes of death (WHO mortality tabulation list-1, MTL-1), sex and
broad age groups in Oman – 2010
196
103 List
code Cause
Males Females Grand
Total
0-14 15-64 65+ Total 0-14 15-64 65+ Total
1 Certain infectious and parasitic diseases 1952 1476 284 3712 891 417 302 1610 5323
2 Cholera 0
3 Diarrhoea / gastroenteritis of infectious origin 0
4 Other intestinal infectious diseases 466 357 31 854 0 0 47 47 901
5 Respiratory tuberculosis 0 88 0 88 0 0 0 0 88
6 Other tuberculosis 0 24 45 69 0 86 14 100 169
7 Plague 0 0 18 18 0 0 0 0 18
8 Tetanus 0
9 Diphtheria 0
10 Whooping cough 0
11 Meningococcal infection 0
12 Septicaemia 0
13 Sexually transmitted infections 1239 306 88 1633 308 207 165 680 2313
14 Acute poliomyelitis 0
15 Rabies 0
16 Yellow fever 0
17 Other arthropod-borne viral fevers 0
18 Measles 0
19 Viral hepatitis 0
20 HIV disease 165 202 56 423 134 124 31 289 712
21 Malaria 83 499 46 628 448 0 46 494 1122
22 Leishmaniasis 0
23 Trypanosomiasis 0
24 Schistosomiasis 0
25 Other infectious and parasitic diseases 0
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103 List
code Cause
Males Females Grand
Total
0-14 15-64 65+ Total 0-14 15-64 65+ Total
26 Neoplasms 4279 4466 1282 10026 2444 4089 1267 7800 24237
27 Lip, oral cavity and pharyngeal cancer 0 163 76 239 87 90 60 238 477
28 Oesophageal cancer 0 24 25 48 0 30 23 53 101
29 Stomach cancer 690 348 132 1170 262 332 159 754 1923
30 Cancer of colon, rectum and anus 306 310 110 727 175 461 74 710 1437
31 Liver cancer 372 371 101 845 87 289 101 478 1323
32 Pancreatic cancer 0 240 66 306 87 196 93 376 682
33 Laryngeal cancer 0 37 8 44 0 17 0 17 62
34 Trachea, bronchus and lung cancer 159 390 201 750 361 64 51 477 1227
35 Skin cancer 0 0 0 0 0 0 7 7 7
36 Breast cancer 0 0 0 0 87 612 140 839 839
37 Cervix cancer 0 0 0 0 0 169 7 176 176
38 Other uterine cancer 0 0 0 0 0 0 70 70 70
39 Ovarian cancer 0 0 0 0 0 70 60 130 130
40 Prostate cancer 0 140 119 259 0 0 0 0 259
41 Bladder cancer 0 151 51 202 0 128 24 152 353
42 Brain cancer 833 466 43 1342 134 133 27 293 1636
43 Non-Hodgkin's lymphoma 165 324 29 518 273 205 22 500 1019
44 Multiple myeloma 0 107 8 114 0 0 26 26 141
45 Leukaemia 389 284 59 732 175 86 46 307 1039
46 Other malignant neoplasms 1068 1038 247 2353 715 1014 235 1964 4318
47 Remainder of neoplasms 296 73 7 376 0 192 41 233 608
48 Blood and immune disorders 496 2389 717 3601 524 1334 952 2810 6411
49 Anaemia 413 2389 717 3519 524 1204 948 2676 6195
50 Other blood and immune disorders 83 0 0 83 0 130 4 134 216
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103 List
code Cause
Males Females Grand
Total
0-14 15-64 65+ Total 0-14 15-64 65+ Total
51 Endocrine, nutritional and metabolic diseases 1952 2920 792 5664 1141 1516 1018 3674 9338
52 Diabetes mellitus 413 2389 717 3519 524 1204 948 2676 6195
53 Malnutrition 83 0 0 83 0 130 4 134 216
54
Other endocrine, metabolic and nutritional
diseases 1457 530 75 2062 616 182 66 865 2927
55 Mental and behavioural disorders 0 656 14 670 0 34 8 42 712
56 Substance abuse disorders 0 328 7 335 0 17 4 21 356
57 Other mental and behavioural disorders 0 328 7 335 0 17 4 21 356
58 Diseases of the nervous system 3084 874 146 4104 2338 785 140 3262 7367
59 Meningitis 83 103 7 192 0 17 9 26 218
60 Alzheimer's disease 0 53 11 64 0 92 24 116 180
61 Other diseases of the nervous system 3001 718 129 3848 2338 675 108 3121 6969
62 Diseases of the eye and adnexa 0 36 0 36 0 17 0 17 53
63 Diseases of the ear and mastoid process 0 0 0
64 Diseases of the circulatory system 5806 11963 4024 21792 4661 4956 3827 13444 35236
65
Acute rheumatic fever and chronic rheumatic
heart disease 0 147 7 154 0 30 14 44 198
66 Hypertensive diseases 83 431 123 637 361 380 116 857 1493
67 Ischaemic heart diseases 1598 5460 1539 8597 2152 1702 1466 5321 13918
68 Other heart diseases 1623 2318 799 4741 966 896 724 2586 7327
69 Cerebrovascular diseases 2419 3209 1491 7119 1182 1838 1367 4387 11506
70 Atherosclerosis 0 18 19 37 0 0 41 41 78
71 Other diseases of the circulatory system 83 379 45 507 0 110 99 209 716
72 Diseases of the respiratory system 2559 1712 963 5235 2408 1321 997 4726 9961
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103 List
code Cause
Males Females Grand
Total
0-14 15-64 65+ Total 0-14 15-64 65+ Total
73 Influenza 0 78 11 88 133 130 15 278 367
74 Pneumonia 1310 786 508 2604 1111 491 369 1971 4576
75 Other acute lower respiratory infections 83 106 7 196 0 0 7 7 202
76 Chronic lower respiratory diseases 0 326 193 519 175 303 287 765 1284
77 Other diseases of the respiratory system 1167 416 244 1827 989 397 318 1704 3531
78 Diseases of the digestive system 703 1277 307 2287 483 851 351 1685 3972
79 Gastric and duodenal ulcer 77 42 33 152 134 0 39 173 324
80 Diseases of the liver 461 784 174 1419 175 277 172 623 2042
81 Other diseases of the digestive system 165 451 101 717 175 574 140 890 1606
82 Diseases of the skin 0 104 216 320 361 140 164 664 984
83 Musculoskeletal diseases 296 196 52 544 0 267 68 335 879
84 Diseases of the genitourinary system 1606 767 372 2744 715 486 326 1527 4272
85 Kidney diseases 461 0 18 478 0 0 0 0 478
86 Other genitourinary diseases 1145 767 354 2266 715 486 326 1527 3793
87 Pregnancy, childbirth and the puerperium 0 0 0 0 0 320 0 320 320
88 Pregnancy with abortive outcome 0
89 Other direct obstetric deaths 0 320 0 320 320
90 Indirect obstetric deaths 0
91 Other maternal deaths 0
92 Perinatal conditions 9344 0 0 9344 6575 0 0 6575 15919
93 Congenital malformations 9672 0 0 9672 8884 0 0 8884 18556
94 Symptoms and ill-defined conditions 3583 7151 1973 12707 2370 2273 3141 7784 20491
95 External causes of morbidity and mortality 14212 23550 759 38521 8524 4183 760 13467 51989
96 Transport accidents 7469 19746 488 27704 5281 3515 483 9279 36983
200
103 List
code Cause
Males Females Grand
Total
0-14 15-64 65+ Total 0-14 15-64 65+ Total
97 Falls 1292 219 33 1544 0 0 55 55 1599
98 Accidental drowning 2885 939 22 3846 1480 318 16 1814 5660
99 Exposure to smoke, fire and flames 0 170 9 179 361 0 22 383 562
100 Accidental poisoning 0
101 Intentional self-harm 83 619 7 708 133 30 8 171 880
102 Assault 0 152 8 160 87 0 0 87 248
103 All other external causes 2484 1704 192 4380 1181 320 177 1678 6058
Grand Total 59899 56349 10104 126351 42565 21697 10683 74945 201297
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Appendix J: Omani population estimates by age and sex structure (2005-2010)
Age Groups
2005 2006 2007 2008 2009 2010
Females Males Females Males Females Males Females Males Females Males Females Males
<1 21619 22100 21787 22201 22063 22458 22241 23430 23537 24794 25970 27054
1-4 86474 88402 87149 88815 88251 89834 88962 93722 94149 99175 103880 108218
5-9 113132 117611 110800 115082 109130 113060 108751 111985 107510 110970 107655 109930
10-14 131270 135832 127362 131986 123189 127819 119297 123897 115887 120394 112985 117393
15-19 133591 139132 135648 140821 136620 141343 136196 140620 134251 138570 131118 135490
20-24 118720 121125 122134 125730 125139 129618 127997 133073 130797 136059 133400 138426
25-29 90337 89531 97274 96590 103709 103233 109488 109507 114414 115210 118480 120306
30-34 56159 57653 62417 63169 69130 69029 76019 75318 83022 81945 90109 88855
35-39 40609 40655 41645 42669 43397 45050 46345 48269 50602 52328 55970 57158
40-44 31619 28532 34065 31246 36328 33830 38168 36199 39468 38256 40424 40208
45-49 24610 21777 25244 22151 26033 22668 27291 23810 29089 25597 31367 27996
50-54 17975 17536 19657 18618 21159 19466 22460 20179 23407 20619 24187 20898
55-59 15417 17242 15074 16509 14733 15748 15035 15495 15944 15782 17359 16544
60-64 10642 13127 12292 14683 13495 15739 14290 16283 14525 16225 14528 15940
65-69 7905 9289 7493 9115 7041 8865 7348 9266 8236 10160 9515 11476
70-74 5108 5504 6049 6452 6637 7039 6891 7323 6793 7315 6469 7240
75-79 2740 2606 2348 2328 2468 2494 2745 2751 3242 3143 3931 3673
80+ 3750 3353 3698 3272 3686 3196 3536 2993 3364 2780 4094 2808
Total population 911677 931007 932136 951437 952208 970489 973060 994120 998237 1019322 1031441 1049613
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Appendix K: Omani deaths reported by age and sex structure (2005-2010)
Age Groups
2005 2006 2007 2008 2009 2010
Females Males Females Males Females Males Females Males Females Males Females Males
0-4 192 192 225 263 236 300 230 304 295 441 327 392
5-9 18 34 22 43 28 26 26 34 27 41 33 44
10-14 10 40 22 39 16 40 17 36 23 42 24 35
15-19 19 81 21 61 25 100 22 105 30 98 43 111
20-24 25 103 32 122 41 156 37 172 35 169 42 150
25-29 23 100 33 94 32 121 29 149 44 147 48 140
30-34 17 71 25 82 32 92 30 90 41 115 39 107
35-39 13 53 18 71 31 92 25 81 24 90 39 77
40-44 34 64 28 69 31 82 36 104 43 75 40 81
45-49 35 111 46 106 55 140 46 137 56 134 62 115
50-54 63 122 71 138 76 151 90 165 92 202 105 197
55-59 95 194 111 187 101 211 109 244 140 228 124 205
60-64 125 247 142 250 153 242 184 274 175 262 195 312
65-69 145 296 206 322 205 301 229 367 249 381 297 380
70-74 153 285 172 288 196 335 208 409 212 374 299 451
75-79 122 216 110 252 143 282 191 331 214 387 246 343
80+ 676 638 243 299 246 380 306 426 312 409 457 498
Unknown 479 357 471 307 445 331 331 234 292 193
Total Deaths 2244 3204 1998 2993 2092 3382 2146 3662 2304 3788 2420 3638
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Appendix L: Age mismatched between Census dataset and BDNS Dataset for Adults
(15 years and above)
a) Below 50 years
Years difference (Census vs BDNS) No of Deaths Percentage (%)
Three years or below 737 82.7
Four Years or above 155 17.3
Total 892
b) Above 49 years (%)
Years difference (Census vs BDNS) No of Deaths Percentage (%)
Three years or below 1565 48.36
Four Years or above 1671 51.64
Total 3236
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